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ABSTRACT
 
ECASTAR presents a methodology for a systems approach display and
 
assessment of the potential for energy conservation actions and the impacts
 
of those actions. The U. S. economy is divided into four sectors -- energy
 
industry, industry, residential/commercial and transportation. Each sector
 
is assessed with respect to energy conservation actions and impacts. The
 
four sectors are combined and three strategies for energy conservation
 
actions for the combined sectors are assessed. The three strategies
 
(national energy conservation, electrification and diversification) represent
 
energy conservation actions for the near term (now to 1985), the mid-term
 
(1985 to 2000) and the far term (2000 and beyond). The assessment procedure
 
includes input/output analysis to bridge the flows between the sectors, and
 
net economics and net energetics as performance criteria for the conservation
 
actions. The abbreviated 30 x 30 input/output analysis matrix developed in
 
ECASTAR relates dollars, BTU's and labor to total industrial production. The
 
matrix is thought to be the ideal size for energy policy analysis. A
 
feature of the assessment methodology is the identification of targets of
 
opportunity for large net energy savings and the application of technology
 
to achieve these savings. In addition, citizen's actions for energy con­
servation are discussed.
 
ECASTAR represents the result of an educational effort in systems
 
approach methodology. Thus ECASTAR presents a display of energy conservation
 
as seen by the participants who initially lacked detailed background in the
 
energy area.
 
PRECEDING PAGE BLANI NQTJXME1
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INTRODUCTION
 
Within the eleven week ECASTAR fellowship program, systems analysis has
 
been applied to the important topic of energy conservation. It must be
 
noted that much of the worth of the ensuing document is based on the method
 
of analysis. The ECASTAR group, of course, could not have generated a
 
numerical analysis comparable to Project Independence and other important
 
studies relating to conservation. The hope is that the ECASTAR character­
ization will cause policymakers to have a broad perspective when deciding
 
on conservation actions.
 
The reader will find Chapter 1 to present a discussion of the
 
political economy of the U. S. It is felt that it is necessary in the
 
systems approach to introduce the reader to the subject matter initially
 
at this level of generality. Chapter 2, then, leads the reader into the
 
group's struggle to characterize conservation. It should be noted that one
 
conclusion reached is that conservation cannot be aefined in absolute terms.
 
In Chapter 3, the methods of analysis used in the study are present­
ed. Some of these tools are traditional while others are somewhat in­
novative. Most useful in general is the systems approach itself. Input­
output analysis and "net energetics" are useful in specific problems.
 
Chapters 4 through 7 discuss the work of the task groups broken
 
down into the energy industry, industry, transportation, and residential/
 
commercial sectors. Data is given here to describe the state of the world
 
in these sectors, and action-impact discussion not necessarily related to
 
the broader issues of Chapters 9, 10, 11, and 12 is found here. Chapter 8
 
represents a reconciliation of the task group analysis in terms of
 
overall constraints and criteria, impacts and their implications for
 
conservation action trade-offs. This again is part of the essence of
 
systems analysis.
 
As mentioned, Chapters 9-12 discuss several broad issues of the day
 
in terms of conservation. These general actions are divided into their
 
requisite subactions, and the latter are carried through the impact
 
analysis. Some general comments and recommendations regarding the overall
 
action are presented.
 
Chapter 13 gives a summary of the work and some recommendations the
 
group posits as a result of the summer study. It should again be noted
 
that these recommendations are far from absolute. In the spirit of the
 
systems approach, they should be reconciled with comparable studies around
 
the nation..
 
The ECASTAR study closes with a set of appendices which either enlarge
 
upon the discussion, present material not contained, or list things that
 
would be cumbersome in the text itself.
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Itmight also be said that ECASTAR is a response to a statement made
 
by Congressman McCormack in his opening statement to a joint session of
 
the Conservation and Natural Resources Subcommittee of the Committee.on
 
Government Operations, and Energy subcommittee of the Committee on Science
 
and Astronautics (June 9, 1973):
 
Needless to say, this Ei.e. energy conservation] is a very

broad topic, and includes more than just turning off light
 
bulbs and riding bicycles to the corner store. It also
 
means taking a systems approach to our Nation's energy re­
quirements. Itmeans- improving the efficiency of energy

conversion, transmission, and utilization. It means imple­
menting policies at the national and local levels that will
 
encourage all of our citizens to conserve energy to the
 
maximum extent feasible.
 
The following is a contrived discussion between the ECASTAR Group (G)

and a ninefold composite of the myriad of speakers and other persons con­
tacted during the summer. The speakers are.characterized by the following

titles, which by no means are meant to reflect any particular persons
 
encountered:
 
AT: The Advanced Technologist
 
AD: The Ankle Deeper
 
CE: The Consulting Engineer
 
D: The Diversifier
 
E: The Electrifier
 
GB: The General Businessman
 
KD: The Knee Deeper
 
NP: The Nuclear Powerite
 
PP: The People Person.
 
The conversation touched on many important areas and gave the group

much of the impetus for the sequel. The key questions asked by the group
 
are emphasized in order to outline the important areas discussed below.
 
The discontinuity between some of the questions and their answers is
 
done purposely. Often the speakers would not directly address certain
 
issues, but would sneak up on or around the question. However, all questions

asked, in the sequel below, ultimately get some sort of answer.
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DIALOGUE
 
G. 	It appears that the U. S. is in a somewhat difficult energy situation.
 
How do you think it can deal with its increasing reliance on foreign
 
oil supplies? They are approaching 40% of our domestic consumption.
 
E. 	We should use coal and nuclear power to generate electricity! What
 
else?
 
D. 	Not only those! They are only part of the Energy Research and Develop­
ment Administration's plan to explore all of America's energy options.
 
These include oil shale, solar, geothermal, wind, liquified and gas­
ified coal, etc.
 
G. 	SHOULD WE EMPLOY CONSERVATION BY SUBSTITUTING PLENTIFUL FOR SCARCE
 
ENERGY RESOURCES?
 
PP. 	 I think we should stop our wasteful and imprudent consumption. That
 
is,simply curtail our use of gasoline, heating oil and other products.
 
G. 	SHOULD WE EMPLOY CONSERVATION BY CURTAILING END USE OF ENERGY?
 
CE. 	All of this may be true, but I think that all energy consumers can
 
use less energy if they would implement more efficient technology.
 
G. 	SHOULD WE EMPLOY CONSERVATION BY INCREASING THE EFFICIENCY OF ENERGY-

USING DEVICES?
 
KD. 	 I don't know why you are worried-about conservation. Let's think of
 
the Organization of Petroleum Exporting Countries (OPEC). They have
 
joined together to wield monopoly power. But, since prices are rising,
 
the demand for oil in the consuming nations isgoing down and domestic
 
supplies are going up. The world is in danger of being flooded with
 
crude oil in a few years. The OPEC nations will no longer have the
 
world over the barrel, and we'll be knee-deep in oil!
 
AD. 	 That's true, but consider two things. One is that the world's oil
 
supply is finite, and knee-deep in 1980 will mean ankle-deep in 2000
 
and the end will come soon after. The second isthat the Mideast oil
 
producers have accumulated so much wealth that they can hold production
 
down and prices up indefinitely.
 
NP. 	 That's why we need the breeder reactor!
 
E. 	Coal-fired power plants also.
 
D. 	Yes, but all of the other sources must be exploited. Also, we should
 
set up an international cooperative of consuming nations to face the
 
OPEC cartel.
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G. WILL CONSERVATION BE AN IMPORTANT WAY OF LIMITING OPEC POWER?
 
AT. 	We can help with technologies that have been implemented in other
 
areas. We have satellite scanning techniques for resource exploration,

telecommunications'to replace transportation, more efficient and
 
manageable conducting modes, materials recycling techniques, and even
 
research laboratories outside of the earth's environment. Our technical
 
know-how combined with a long lead time to make these decisions (for
 
we are not on the brink of disaster) make me feel optimistic. Don't
 
think that private industry will let the country go down either. Did
 
you hear that oil companies are buying coal and uranium?
 
KD. 	 I agree. The energy shortage of 1973-74 was not an energy crisis.
 
There was plenty of oil in the world. It was an economic crisis in
 
a world that had underpaid for fuels for several decades. The problem
 
was that people and firms could not change their ways very rapidly.

This caused disruption. In the longer run, adjustment is easier.
 
On the other hand, we may have to adjust to energy prices that are
 
low once again.
 
PP. 	 Low prices will cause people to resume their wasteful ways. History
 
has a funny way of repeating itself. Besides, this whole oil crisis
 
may have started with a jolt from the Arabs, but itmay be an exercise
 
of oil company power here at home. Remember, ifyou need something
 
strongly, you'll pay nearly any price for it. I heard that oil
 
companies may have decreased gasoline production early this year to
 
create a shortage this summer. That's no surprise, however; it's a
 
rip-off world. Corporations and their members seem ruled by the
 
profit motive run rampant.
 
GB. 	 All this self-righteousness about wastefulness and the business
 
conspiracy to exploit the consumers. Wastefulness creates jobs. If­
you change this, you'll disrupt the economy. Also, the conspiracy
 
seems to get the product to the people. Let them try to get these
 
goods without it!
 
G. DO YOU THINK THAT CONSERVATION WILL HAVE STRONG ECONOMIC IMPACT?
 
PP. 	 Conservation will probably create more jobs than it destroys.
 
GB. 	 It's anyone's guess. I think that much of the blame for this so­
called energy crisis goes to the environmentalists. They wanted
 
too much too soon and now,the consumers are paying for it. They

stall power plant construction, offshore drilling, strip mining and
 
pipeline construction. For what?
 
G. WILL THE ENVIRONMENTAL IMPACTS OF CONSERVATION BE SIGNIFICANT?
 
GB. 	 That may be so, but business is business!
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G. WHAT POLITICAL AND SOCIAL IMPACTS MIGHT WE EXPECT CONSERVATION TO
 
HAVE?
 
GB. 	 I don't know, but you can bet that the system will take care of
 
itself.
 
G. 	You mentioned coal and nuclear power earlier. What role do you see
 
them playing from 6ow to 1985?
 
D. NATIONAL ENERGY CONSERVATION is currently before the Congress. It
 
proposes that power plants and large industrial oil and gas users
 
that can switch to coal must do so. We know that coal presents
 
some serious environmental problems, but with capital and energy
 
we can solve them.
 
G. SHOULD WE USE THE SYSTEMS APPROACH TO FORMULATE NATIONAL ENERGY
 
CONSERVATION POLICY?
 
NP & E (in unison). Nuclear power will supply about 20% of total energy
 
by 1985.
 
G. 	Don't you see some problems with this?
 
PP. 	 Yes, and I'm glad. First of all, people waste too much and don't
 
need additional electricity in the future. Secondly, the thermal
 
discharge and radioactive waste problems have not been solved.
 
Thirdly, if the breeder reactor ever comes on line, plutonium will
 
endanger a large portion of the population.
 
NP. 	 Plutonium is not THAT serious a problem. Do you know anyone who has
 
died from plutonium?
 
GB. 	 Don't worry, we will NEVER see the breeder in our lifetimes. In
 
fact, the current nuclear plants are being postponed.'
 
NP. 	 The country doesn't realize that the energy contant of our uranium
 
resources is over four times that of oil, coal and gas. Also, fewer
 
people die from nuclear power than from the other three.
 
E. 	That's right. But strip mined coal is becoming the trend and is less
 
hazardous. Coal along with nuclear will electrify the economy. And,
 
we can plan on the breeder.
 
G. 	IS ELECTRIFICATION A CONSERVATION STRATEGY?
 
D. That isyet to be determined. And, remember, it is only part of the
 
ERDA plan to broaden our domestic resource base. We must diversify.
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G, 	IS DIVERSIFICATION NECESSARILY A CONSERVATION MEASURE?
 
G. 	DO YOU PERCEIVE ANY BOTTLENECKS TO THE IMPLEMENTATION OF NATIONAL
 
ENERGY- CONSERVATION DIVERSIFICATION OR ELECTRIFICATION?
 
D. Under different assumptions about what the economy will be like in
 
the future, we get different answers. Hence, we are not sure what
 
bottlenecks may occur.
 
PP. 	 Don't any of the leaders of government and industry feel guilty about
 
imposing their will upon the public?
 
GB & E (in unison). We give the people what they want
 
D. We need a national policy to guide the decentralized decisions of
 
people and firms. Voluntary conservation actions cannot be relied
 
upon.
 
PP. 	 How do you know what is good for society in general?
 
D. We deal with many groups with varied objectives. We must assess the
 
actions in terms of the impacts and tradeoffs associated with them.
 
Then, we will make the best decision with the available information.
 
PP. 	What do you think the best decision will be?
 
D. 	WE HOPE THAT THE ECASTAR GROUP CAN HELP US ANSWER THAT QUESTION.
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1.2.1 SUBSTITUTION AND ELASTICITY
 
Consumers of energy and other goods and services combine these into
 
bundles which act as inputs to their consumption activity. This is
 
schematically shown in Figure 1.2.1-1. The bundle of outputs of the
 
activity is intangible. Based on income and relative prices of energy
 
and other goods and services, the person chooses the best input bundle.
 
Producers of energy and other goods and services use energy and
 
intermediate goods and services to create their outputs. This is shown
 
in Figure 1.2.1-2. They also choose the best bundle according to their
 
available funds and the prices of their inputs and outputs. The tech­
nology of the consuming and producing devices is an important determinant
 
in the choice problem and will be discussed more fully.
 
Two important notions in the decision-making of both consumers and
 
producers are those of substitution and elasticity. In discussing these,
 
we shall refer to a general decision-mhker EDM).
 
If available funds and/or prices change, the DM will generally change
 
the chosen bundle. Substitution can simply be considered as a choice
 
which replaces some previous choice. In essence, scarcity implies substi­
tutions, and it must be decided at which level they must be made. For
 
example, the DM may substitute energy for material goods or services,
 
energy form for energy form, output for output or smaller amounts of anything.
 
for previously larger ones..
 
Suppose the price of energy is allowed to increase while all other
 
prices and available funds stay constant relative to each other. Since
 
energy has become more expensive, the EM will find other goods and ser­
vices which lower the amounts of energy used. A firm may use more labor
 
to replace a fuel-related energy-using machine. A consumer may replace
 
a power lawn mower with a manual one.
 
The degree to which a DM is responsive to changes in prices and
 
available funds is called "elasticity." Price elasticity measures the
 
ratio of a proportional change in quantity to a proportional change in
 
price. Consider the example of a person's weekly consumption of
 
gasoline when the price goes from 50t to 60t per gallon (see Table 1.2.1-1).
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CHAPTER I. THE POLITICAL ECONOMY OF CONSERVATION 
The discussion of Chapter 1 is concerned with delinfating a political
 
economic purview of energy conservation in the United States. The concepts
 
of substitution and elasticity are distinguished, and further distinctions
 
are made between short run price elasticity, cross price elasticity, and
 
available fund elasticity. An assessment of the role which cost factors
 
can play in conservation is given. The structure of the petroleum
 
industry and foreign petroleum resources is discussed. Also discussed
 
is the role of government, industry and the consumer with the economic
 
sphere.
 
1.1 INTRODUCTION
 
A particularly useful aspect of the systems approach is that nearly
 
every system may be imbedded in a more general system. The "givens" in
 
the smaller system become variables in the larger. The political economy
 
of the U. S. is that system which aliocates the resources of society
 
through the forces of the market and decree of the government. The princi­
pal agents are: the citizens, suppliers of resources and consumers of
 
final goods and services; the firms, consumers of resources and suppliers
 
of final goods and services; labor unions, protectors of the rights of
 
workers; and-the governmeat.theoverseer.-of all and consumer of resources,
 
goods and services.- Contained in the system is the technological purview
 
of the researcher and engineer. The political economy takes the psycholo­
gical and social motivations of the people as constant. Clearly, an
 
even more general system (e.g., anthropological) would consider these
 
as variables.
 
What we shall consider below as conservation is a part of the overall
 
energy problem. The following sections describe some of the phenomena
 
of political economy which have particular relevance to the conservation
 
analysis undertaken below.
 
1.2 ENERGY ECONOMICS
 
In this subsection, various economic concepts that appear directly
 
relevent to the energy problem are reviewed.
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TABLE 1.2.1-1. PRICE ELASTICITY OF GASOLINE
 
Price of $ Expended on
 
Gasoline Gasoline Demanded (gals,/week) Gasoline
 
(t/gal.) Elastic Inelastic Elastic Inelastic
 
50W 20 20 10 10
 
60¢ 10 18 6 10.80
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In the elastic case (ratio >I), demand was cut by 50% when prices
 
were raised by 20%. The ratio is 2.5. The inelastic case yields a 10%
 
quantity change for a 20% price change. The ratio is .5. Note that when
 
prices go up, expenditure on gasoline generally goes down in the elastic
 
case and up in the inelastic case.
 
Short run price elasticities for gasoline and other petroleum products
 
have been estimated to be between .2 and .4fHOUTAKKER-74]. Low price
 
elasticity generally implies that the good is needed, and that there
 
are few or no substitutes. Any market force or policy that raises the
 
price of such a commodity causes its consumers to spend more dollars for
 
slightly smaller amounts. The lower income groups bear a large part of
 
the burden.
 
Cross price elasticity measures the proportional responsiveness of
 
the quantity of one good to changes inthe price of another. An example
 
for goods that are complementary is a decrease in big cars purchased as
 
a result of high gasoline prices. An example for goods that are substi­
tutable is an increase in electric blankets bought as heating oil prices
 
increase.
 
Available funds elasticity measures the relative responsiveness of
 
the quantity of a good to changes in the amount of funds available. For 
most goods, assuming prices constant, the amounts used go up as available 
funds go up. This has important application in the current recession. 
The available funds of many consumers and producers have been diminishing, 
both in terms of the amount of dollars (money income) and their purchasing 
power {"rea1" income). This -genera-l-l-y means that consumption- of al-l 
products including energy will go down. 
Elasticity is also important in measuring the relative responsiveness
 
of quantities of goods supplied to changes in their prices. Two relevant
 
examples are the responses of oil and coal companies to increased prices
 
of their outputs. The short run supply elasticity of petroleum products
 
involves the companies' operations from exploration to the gasoline pump.
 
Implicit also are rigidities in supplies of heavy machinery, plants,
 
foreign crude supplies. This coefficient was assumed approximately I
 
[AHC-75.,19].
 
Elasticity, therefore, is an important gauge in measuring the effects
 
of certain policies that alter energy prices and incomes. It,together
 
with -the phenomenon of substitution mentioned above, gives much insight
 
into the potential reactions of-market forces and government edicts.
 
1.2.2 MARKET STRUCTURE
 
I In the market for energy products (as well as others), the question
 
of the degree of competition has always been raised. The extreme lack
 
of competition occurs when there is a monopoly in a market. If there are
 
no ready substitutes and no entering firms to capture shares of the market,
 
the monopolist will exact the highest price that its customers will bear.
 
If it can discriminate among its customers, a monopolist can extract still
 
greater revenues from them. Electric and gas utilities are regional
 
monopolies within the energy industry. Their monopoly power is held some­
what in check by government regulation. It is well known that utilities
 
discriminate among customers by charging lower rates for larger blocks
 
purchased. There is a current movement to alter this.
 
Oligopoly is defined as a market with few sellers. Each has a great
 
influence on prices. These firms may produce the same or slightly differ­
ent goods, may fight by price or advertising, or may collude. A cartel
 
is a form of collusion in which the parties agree to restrict output,
 
charge monopoly prices and divide monopoly profits.
 
For much of the last 25 years, the world petroleum market has been
 
dominated by 7 big companies. By their current names, they are British
 
Petroleum, Dutch Shell, Exxon, Gulf, Mobil, Socal and Texaco. The
 
American companies dominated the domestic scene. The big 7 dominated
 
the world scene and succeeded in extracting the resources of Mideastern
 
countries for little payment. Due to market dominance and vertical
 
integration (from wellhead to gas pump), there was no real concept of
 
market price. The big oil companies did not initially create a formal
 
company cartel, but worked closely in expanding foreign operations
 
(sharing risk and investments, etc.).
 
During the last two decades, the oil-rich countries began to accumu­
late expertise and bargaining power. Using independents as a wedge, they
 
continued to obtain favorable concessions from the oil companies in the form
 
of taxes, royalties and ownership. In 1960, OPEC was formed. In 1970
 
it had gone from an organization to a cartel. In 1973, it exerci-sed its
 
cartel power against the U. S. and other developed countries which had
 
become increasingly dependent on OPEC oil. It is well known, however,
 
that the ARAMCO cartel represents an international collusion of oil
 
companies and countries.
 
High world petroleum prices and low Mideast extraction costs have
 
led to an "inefficient" allocation of resources and an"excess" flow
 
of wealth to the Mideast. A breakdown of industry data for January 1971
 
and January, 1974 is given in Table D.2.1-12 in Appendix D.
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Horizontal integration of oil companies into other sources such as
 
coal and uranium appears likely to further limit competition in the energy
 
industry. Coal and uranium present competition to oil and gas and have
 
the potential for lowering their prices. They generally, however, come
 
to the consumer in the form of electricity.
 
Monopolies and oligopolies in the energy industry usually continue
 
to exist at various stages of production because of the large amounts of
 
capital required for entry. These will become even greater as less attrac­
tive sites are exploited. The hopes for increased comnetition, in
 
the sense of many firms striving to be efficient and to charge lower prices
 
than the others, are dim. The retort is that the economies of scale which
 
accrue to bigness are beneficial to customers. That debate is beyond the
 
scope of this report.
 
1.2.3 AGGREGATE FLOWS
 
The macroeconomic aspects of energy economics are schematically 
represented by the Economic Actions-Impacts Flow in Figure 1.2.3-1. 
Because of the interdependence of the sectors, any action or policy 
taken in one arena has important impacts inmany of the others. The 
Residential/Commercial sector provides labor, other services and money 
which itself and other sectors use. Industry uses the goods and services 
of the other sectors to produce and sell its outputs. It receives money 
for these while it pays itself and other sectors for what it needs from 
them. The Energy Industry uses resources and other products and services 
to -provide fuels for di-rec-t -use and- electrcity. It. receives payments 
for this activity while paying other sectors for their resources, goods 
and services. Transportation does basically the same in the provision of 
transportation services. The Government performs services with monies 
collected as taxes. It alsopurchases goods and services from the 
private sector. Implicit in the flow, for example, are the markets for 
specific goods and services, markets for specific -types of labor and 
markets for money. From them come prices, wage rates and interest rates. 
These in turn are projected-to the micro units for everyday decisiois.
 
An example in the energy industry is the current high interest rate
 
structure which, with inflation, impedes large investments by utilities
 
and oil companies.
 
The historic relationship of energy consumption to GNP has been
 
strongly positive. Much of the debate over the "BTU theory of value"
 
is related to the question of whether or not GNP should continue to
 
grow, and ifso, canenergy consumption remain constant? Efforts to
 
affect flows to and from the energy industry have significant implications
 
on the distribution of wealth even if the total pie remains constant.
 
As mentioned above, real income erosion has important regressive effects
 
in itself. The controversy between President Ford and Congress is
 
strongly tied to this issue.
 
KwH ENERGY LAW, SERVICES, GOVERNMENT LAW, 
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FIGURE 1.2.3-1 ECO-NOMIC ACTIONS-IMPACT FLOW
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Much information on the operation of the macro-political economy is
 
gotten from econometric models and input-output analysis. This report
 
shall defer to Project Independence [PI-74] in the former area, but will
 
use the latter to draw some conclusions about conservation actions.
 
1.3 THE ROLE OF GOVERNMENT
 
Various levels of government have been closely tied to the energy
 
sector for many years. Several of the federal agencies involved with
 
energy are mentioned inAppendix N. Hosts of state and local govern­
ments and their agencies have jurisdiction over land use, public utility
 
pricing, etc. They are too numerous to mention here by pure quantity.
 
and by diversity. It is not clear at this point how a centralized energy
 
plan would reconcile itself with the plethora of diverse local regulations
 
An important fact has been the lobbying power of the giant energy
 
concerns. Much of the governmental policy has been swayed by those who
 
emphasized the importance of the energy supplies to an industrially growing
 
nation.
 
As will be discussed below, the President, Congress and the agencies
 
previously established (FEA, ERDA, FPC, etc.) are busy with proposals to
 
"solve" the energy problem. These range from researching the electric
 
car, through deregulation of oil and gas prices and imposed energy effi­
ciency standards, to forestalling expansion of nuclear power. A list of
 
some of these measures is g ven i-n Appedix N. The public official§
 
are anxious to develop a consistent, cohesive energy policy, but are
 
concerned over the potential impacts. It is the hope of this study to
 
provide insights into these areas.
 
As a final statement on energy industry regulation, it should be
 
noted that the three major factors that determine profits are total
 
revenue from sales, total costs of production (fixed capital investments
 
plus variable operating costs such as resource costs, wages, interest,
 
etc.) and constraints on the operation of the firms (EPA, SEC, etc.).
 
All of the regulatory actions affect the revenue and costs of the energy
 
firms. The recently high profits of the oil companies and the decrease
 
in internal financing of public utilities are two main areas of concern
 
for policymakers.
 
1.4 CONSERVATION ACTION-IMPACT FLOW
 
As'seen in Figure 1.2.3-1, the combination of market activity and
 
government regulation presents a very complex system. Conservation, as
 
described in the next chapter, presents a broad characterization of actions
 
and impacts which are the main body of this report. Its role in the over­
all action-impact flow is examined as substitutes and complements for the
 
status quo are proposed. The group shall look at broad direct actions of
 
the energy subsystems, subactions that comprise these broad actions, other
 
important actions not necessarily belonging to the broad actions and
 
indirect actions which are called impacts.
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CHAPTER 2. CONSERVATION: TOWARD FIRMER GROUND 
The particular form of conservation to be assessed in ECASTAR is that
 
which is compatible with the existing economic and political constraints
 
in the U. S. today. The ECASTAR form of conservation relies heavily on the
 
market place and well understood technology to cushion the social shocks
 
of the energy problem. This is by no means the most powerful form conserva­
tion actions could take. ECASTAR deals principally with evolutionary
 
changes in energy use to achieve conservation. The imposition of economic,
 
political, and technical constraints based on actual conditions allows
 
application of a systematic, quantitative, assessment method under widely
 
accepted performance criteria.
 
2.1 CONSERVATION HISTORY AND GOALS
 
The purpose of this chapter is to set the stage for an assessment of
 
energy conservation. The Introduction to ECASTAR has provided a cross
 
section of current feelings about conservation. In this chapter conserva­
tion will be placed as a component of a wide ranging multifaceted energy
 
policy. A proper definition or characterization of energy conservation
 
requires a careful review of its history of successes and failures, its
 
current priority with energy users, the peculiarly fleeting aspects of the
 
opportunities for and justifications of conservation, and the state-of-the­
art limits on energy savings.
 
There are two important facts in the history of economic-technical
 
conservation. The first is that in an era of stable or declining real
 
prices for energy ('50's, '60's) significant conservation gains have
 
been achieved by many industries and many energy or fuel producers. The
 
second is that whil.e energy producers and industry werepacticing effi­
ciency, consumer energy use was being pushed up by rising sales of energy
 
intensive goods and services. The time profile for the recent history
 
of conservation contains three major periods. The first is the period of
 
stable or declining real prices of energy brought about by government
 
r.egulations, expanding supplies and economies of scale or efficiency.
 
This period ended in the late '60's. The second period is one of
 
gradually increasing energy prices due to general cost increases,
 
government regulations on pollution and health, citizen involvement
 
in environmental decisions, and some weakening of the supply picture.
 
The third period is identified with the 1973 embargo and its aftermath.
 
It is characterized by escalation of energy prices, insecurity of
 
sources, general recession, and a broad-based concern for a long
 
range energy supply and consumption policy.
 
Contrast the achievements and failures of unsupervised energy con­
sumption in the two examples:
 
The chemical industry has reduced its energy consumption per
 
pound of product by 50% from 1954 to 1971,
 
The electrical utility industry has been forced to meet an
 
ever increasing peak load problem which strains their capital
 
resources and forces the use of inefficient peaking plants
 
to meet consumer demand.
 
This report documents many other cases of improvements in energy utiliza­
tion and of decreases in energy effectiveness.
 
A view as to what constitutes conservation isdependent upon the
 
history of energy utilization effectiveness and upon the conditions of
 
price and availability existing now and projected into the future. A
 
large group of conservation actions results from a history of wasteful
 
and inefficient past practices. Even the definition of waste is
 
controlled by the urgency of a need for fuel. To some, our lifestyle
 
isredolent with waste. To others waste is leaving coal in a mine to
 
prop up the roof. A third view isthat it is a waste to use one's own
 
resources if someone else's can be utilized as easily. More will be
 
said of this three-way view of conservation inthe section to follow on
 
modes of conservation actions. It is important to realize that all
 judgements about conservation are dependent on the peculiar features
 
of the present energy situation and the particular decisions inthe
 
past which shaped our supply and consumption patterns.
 
Much is presently being said about setting conservation goals. In
 
particular, many efforts are being made to encourage conservation actions
 
without mandating them. This report addresses the question of attain­
able goals in considerable detail. A characteristic of current conser­
vation thinking is that most proposed changes involve isolated compo­
nents or sub-systems of the larger energy supply and use systems. Little
 
or no attention is given to assessing sweeping redesign of whole energy
 
utilization systems and the integration,of many proposed sub-systems
 
into larger systems. This study looks at significant system redesign in
 
the cross-cut examinations of (1) a policy of electrification of the
 
nation's energy use and of (2) a policy of diversifying the nation's
 
energy supply as widely as technology and-economies allow.
 
Conservation opportunities and needs arise out of the context of
 
present and future societal operations. The choice of an implementa­
tion method of a conservation goal is an altogether different study from
 
that of identifying targets of opportunity for correctable waste. In
 
particular, all conservation actions must be assessed from the point of
 
application to the chain of raw matericals to intermediate products, and
 
through to consumer activities. There isgood reason to believe that
 
significantly more can be achieved inoverall impact by attacking the
 
end uses of products and energy instead of attacking just the obvious
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large consumers of energy. This is a point of crucial importance in
 
formulating policy and illustrates the combined power of an engineer­
ing and economic systems analysis.
 
Some examples of conservation goals which industry and government
 
see as attainable are:
 
A 20% industry wide reduction in energy per unit of output by
 
1980 relative to 1972.
 
A 40% improvement in automobile gasoline consumption by 1980
 
relative to 1974.
 
A 40% reduction in energy consumption of new commercial
 
buildings.
 
A 20% improvement in the conversion of fuels to electricity
 
(40% raised to 50% conversion efficiency) by 1977.
 
There is considerable tension between government and industry over
 
establishing even voluntary goals, much less mandatory ones. There is
 
evidence of resistance to setting goals and providing data to evaluate
 
attainments. The conflict between long-term benefits and actions which
 
complicate a product or weaken market potential is going to exist for
 
some time. Many proposed-mandated goals are double the industrial goals.
 
Consumer action goals are.also being considered, both voluntary and
 
mandatory.
 
2.2 CONSERVATION MODES
 
Energy conservation can be divided into categories that include
 
all actions which affect the form or amount of energy consumed -- re­
duced energy consumption, increased efficiency of energy utilization
 
and substitution of one or more forms of energy for another which is
 
in shorter supply or in some sense thought to be of more value.
 
Reduced consumption affects the demand side of the energy equation.
 
It can be effected either voluntarily or by mandate. In either case it
 
may lead to changes in life style if continued over an extended period,
 
although this is not necessarily the case. Reduced consumption may be
 
instituted, even if the supply is sufficient, in order to extend its life­
time. Rationing and individual efforts to reduce expenditures for
 
energy are examples. In some cases, immediate shortages in energy
 
supplies might force curtailment of consumption, as happened during
 
the oil embargo.
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Of all of the modes of conservation and all of their separate means
 
for implementation, conservation by reduction of final demand will have
 
the strongest effect on the overall economy. Altering the size of final
 
markets alters every step inthe economic chain from raw materials to
 
intermediates to final products. Actions in this area must be carefully
 
assessed for direct and indirect effects on jobs and earnings. Care
 
must be exercised to allow actions to produce their full effect before
 
sudden new steps are taken.
 
Increased efficiency of energy utilization employs technology to
 
increase the ratio of useful output to energy input. This may be
 
viewed as obtaining more output for the same input, or the same output
 
for less input. Another view sees increased efficiency as matching
 
the quality of the energy input to the task as in the case of using
 
low quality waste heat for spacing heating or hot water heating. In
 
the past, systems have been designed with little attention paid to eff­
ciency because of the abundant supply of cheap energy. Thus it can be
 
expected that in the future considerable savings may be realized by

redesigning systems such that optimum efficiency is a criterion of
 
design. Additional savings should accrue from matching of quality of
 
energy to the use and utilization of previously discarded waste low
 
grade energy.
 
The third means of energy conservation involves substitution of
 
energy forms such as coal or nuclear for oil or gas. In a more general
 
sense this category of energy conservation can be realized by resource
 
substitution at any point in the production or utilization sequence.
 
Some examples of substitutions that might result in energy savings are:
 
Labor for machinery
 
Recycleable material for non-recycleable material
 
Non-energy intensive material for energy intensive material
 
Renewable energy source for a non-renewable one (solar for oil)
 
The industrial era is characterized by a transition from using renewable
 
energy sources to the use of non-renewable stored sources. A reversal of
 
this trend holds promise for large savings of non-renewable energy
 
sources.
 
A point which should be emphasized is that conservation is motivated
 
by some or all of the following:
 
A conservation ethic or moral commitment to conservation
 
Economic necessity
 
Legislative decree or other government action
 
A further discussion of these motivating factors, as applied to
 
the modes of conservation, will be found in the succeeding chapters.
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2.3 CONSERVATION ACCOUNTING - CRITERIA
 
Acceptable conservation actions are those which meet certain criteria.
 
Rather than these being absolute criteria, they are relative to conditions
 
at the time, past history and projections of future needs. The view of
 
the present and future isdependent on the recognition of the constraints
 
on possible actions and on a body of feeling called conventional wisdom.
 
One of the goals of assessment is to examine conventional wisdom and put
 
a systematic structure into arguments pro and con. A component of an
 
assessment is the application of the constraints to those actions deemed
 
attractive with a view to changing the focus of the constraints ifthere
 
are benefits to doing so. Constraints and conventional wisdoms are
 
described inother sections of this chapter.
 
Some mAjor criteria are listed. The result of actions must satisfy
 
these if the actions are to be classed as conservation.
 
The modes of conservation discussed in Section 2.2 included curtail­
ment of demand, substitution,. and increased efficiency. In today's con­
dition with uncertainties about reserves and technology some of the
 
criteria are:
 
Imported oil is "more valuable" than domestic.
 
Natural gas is "more valuable" than-domestic oil.
 
Oil is "more valuable" than coal for stationary uses.
 
Oil has no substitute for transportation uses.
 
Low sulfur fuels have an undetermined premium over high sulfur
 
fuels.
 
Coal is "less valuable" than almost any other source.
 
Most other criteria depend on subjective ranking of political and
 
social goals. These criteria apply simply to substitutions of fuels.
 
The idea isthat conservation actions-guard the more valuable fuel form.
 
It is already apparent inthis short list that present conditions and
 
intentions are not rigorously compatible with these criteria. There is
 
national conflict of opinion over the level of importation of oil.
 
Natural gas is treated differently depending on whether it is compared
 
to domestic or imported fuels and whether it is controlled by federal
 
regulation. The obvious great value of oil istied to the large trans­
portation demand. However, the smooth functioning of a refinery dictates
 
that products other than transportation fuels must be produced. This
 
precludes reserving even this one fuel to its unique use. The same
 
contradiction exists in the uses of natural gas.
 
2-6
 
Net Energy Reduction Criterion
 
Inthe area ot curtailing demand for energy or products inthe hope
 
of reducing energy consumption, any criterion must carefully specify the
 
accounting boundary indetermining if net reduction in energy use has
 
been achieved. The goal of achieving a net benefit by some action dir­
ected at reducing consumption isimmediately suspect inthat the economic
 
repercussions may be larger than can be controlled. There are many ways of
 
defeating a criterion requiring a net energy use reduction. One way is if
 
an activity replaces that curtailed which ismore energy intensive or
 
contributes more demand in another area leading to a net increase in energy

consumption. As an example suppose demand for clothing isreduced by
 
making clothes last longer. On the surface this saves energy in the energy
 
intensive natural or synthetic fibers. Italso saves some money for the
 
consumer. Almost everything the consumer might do with his savings leads
 
to more energy consumption per dollar and generates fewer jobs per dollar.
 
Just payinq taxes is 15% more energy consuming than buying men's clothes.
 
[Hammon-75] 
It is not clear that a criterion requiring an action to generate a net
 
energy reduction can ever be checked. Without further specification of
 
actions initiated after the given action there is no way of guaranteeing

that the net effect is known. This raises the spector that the only way
 
of reducing energy Qsag& by changing demand isto guarantee total demand
 
is reduced, and that the changes of each activity are weighted by their
 
respective energy intensiveness.
 
A net energy criterion can be developed to measure the value of
 
efficiency changes. It is still essential to define a boundary within
 
which all derivative effects are accounted for. Inparticular, the
 
simplest type of action leaves the output of a process unchanged and
 
makes only modifications or minor substitutions to the process itself.
 
In this case there islittle chance that the total energy accounting
 
on all the imbedded energy will differ much between the two processes.

Therefore a comparison of easily measured purchased energy will deter­
mine if net savings have been achieved. A related parameter is the energy
 
payback period of an action. Many advanced technologies and system re­
designs will take some time to return the energy of manufacture and
 
installation. No uniform criteria exists on payback of energy.
 
Strict net energy accounting can be applied to simple substitutions
 
of materials, components, or subsystem with a view to increasing efficiency.

There are no simple criteria to evaluate the full system substitution or
 
strategy substitutions. In assessing a major systems change, for example
 
a portable fuel alternative to petroleum, the impacts would be so wide­
ranging that conservation could not carry enough weight to be decisive.
 
Only narrowly defined actions can be successfully assessed with respect
 
to a few sharp criteria. The larger actions will require impacts and
 
modeling of the whole picture of economic and social changes for assess­
ment.
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One of the principle uses of criteria is in evaluating actions. The
 
alternatives must be closely matched as to level of action, boundaries for
 
derivative effects, and factors to be held constant. Otherwise it is not
 
reasonable to compare them to each other or to some objective criterion.
 
There are not very many instances of true alternatives among the actions
 
assessed inthis report. Thus our criteria sets are specialized by
 
sector and other variables. Not many of the criteria are general. The
 
obvious one of net energetics is,as pointed out above, either difficult
 
to define or of relatively small influence.
 
The subject of performance criteria deserves careful research. There
 
are many fruttful'problems which when elaborated would contribute to
 
national understanding and national policy on energy and energy conserva­
tion. Further discussion of criteria isfound in Chapter 3 and Appendix

C.
 
Economic Criteria
 
Inthe class of economic criteria two simple ones are to minimize
 
initial cost or minimize life cycle costs. The conservation oriented
 
criterion is life cycle costs. For those activities in which fuel costs
 
are a large share of operational costs, it probably follows that reducing
 
operating costs reduces fuel consumption. The same caution that applied
 
to net energetics applies here. Careful definition of the boundaries of
 
the system and the level of inputs and outputs is needed inorder to make
 
comparisons. With respect to first costs it is important to define the
 
criteria on rate of recovery of conservation oriented investment. The
 
attitude today isthat conservation investments must recover their costs
 
faster than other types of investment to be attractive. Similar attitudes
 
exist toward environmental protection steps. The attitude is that they
 
should be expensed very rapidly or otherwise subsidized. A controversy
 
exists about whether attractive investments in conservation will be made
 
at all if there isno restriction on passing through energy costs. Cri­
teria which measure some "good", like net energetics or minimum life cycle
 
costs, do not of themselves dictate actions.
 
Technical Criteria
 
The role of technical cr-iteria, such as those inexistence or some 
which might be defined to reflect peculiarities such as form value of 
fuels or declining reserves, isnot clear. The realities of the present
situation are that little attention ispaid to technical recommendations. 
For example, much more attention is directed at nuclear safety uncertain­
ties than to the 
I 
impact of low utilization of nuclear energy on coal use 
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and related pollutants. Similarly, many attempts are being made to raise
 
taxes on all phases of utility operation and to increase government and
 
public influence in their expansion planning regardless of the impact on
 
the consumers energy bill. Little attention is given by decision makers
 
to other technical questions such as maintaining an orderly atmosphere
 
for planning and to preventing supply oscillations by properly accounting
 
for lead times.
 
In summary, the important criteria are those actually used. Chapter 3
 
addresses the problem of defining and validating new technology-based cri­
teria. More general areas for new criteria arise in the combination of im­
pact analysis with the systems approach. In general, the assessment must
 
show tolerable impacts. It is not possible to decide tolerable impacts in
 
the abstract. These will emerge in situations where assessment will lead
 
directly to decision,not just to a study result.
 
2.4 A METHOD TO OVERCOME OBSTACLES
 
Energy conservation is one of many highly prominent topics today.
 
It has certain features which complicate the organization of discussion,
 
problem formulation, analysis, and decision making. The features include:
 
Direct personal impact on everyone
 
Impact on life style, income, security, aspirations
 
Connections to the "they" in life: big government, big business,
 
big politics
 
Involvement of known and speculative science and technology
 
Large scale involvement of environmental, safety and health
 
issues
 
Elements of the infinite: whole nation, whole world, all time
 
Appeal to moral and ethical standards
 
An element of crisis
 
The transient nature of opportunities to correct the system.
 
These features produce a reaction that can be described as conventional
 
wisdom. This body of partitioned thinking, plus the status quo with respect
 
to existing laws, regulations, investments, and job spectra, constitutes
 
the source of a priori constraints on planning for conservation. We argue
 
here that it is not possible to construct a broad balanced view to aid
 
planning by compounding the narrow views embodied in conventional wisdom.
 
Also, it is impossible to plan effectively if the a priori constraints are
 
not identified at the outset.
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A method must be found and applied which transcends the prejudgment
 
characteristic of conventional wisdom, identifies alternate courses of
 
action compatible with a priori constraints, evaluates their actions, and
 
assesses their impacts interms of a posterion constraints and criteria.
 
An important element of an -evaluation leading to concrete decisions (not
 
just to a "study conclusion") is that the final criteria must spell out
 
tolerable limits to compromises inthe solution. A characteristic of
 
the conventional wisdom isthat it is intolerant of compromise.
 
To illustrate some of the conventional wisdoms, some points of view
 
and tentative counters to them are listed.
 
Conservation isgood. What if itcauses unemployment, decrease
 
inproductivity and wages, or results inmore energy intensive
 
activities?
 
There is a semi-infinite source of economic, safe energy accessi­
ble except for some solvable technical problems. Technology has
 
been wrong or failed to deliver with increasing frequency. The
 
scale of associated problems and impacts is growing faster than
 
the scale of the technology.
 
Conservation measures can be instituted individually This
 
ignores the facts of interfuel competition and the ripple effect
 
of changes throughout the economy.
 
Conservation measures should be mandated. Even gradually initiated
 
mandatory actions create dislocations which seem to cry for more
 
action but must be accepted for some time to assess their size and
 
impact.
 
Conservation can alleviate the energy crisis without decreasing
 
national prosperity. The embargo and changing car buyer attitudes
 
clearly indicate that reduced demand either voluntarily or invol­
untarily will slow growth and impede recovery.
 
Conservation and environmental costs should be internalized.
 
Major industries, utilities, and consumers actively resist
 
accepting either type of cost. Decision makers fear the re­
action of constituents should these costs be assessed.
 
Conservation can be achieved by gradual alteration of present
 
energy use patterns. There are much greater potentials infull
 
redesign of the energy system by beginning transitions now before
 
supplies restrict options. No mechanism exists ingovernment for
 
accomplishing a system redesign of any major system. No method
 
exists for assessing large scale social engineering before the
 
fact.
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The elements of a method for formulating a problem, such as that of
 
finding a workable approach to energy conservation, are directed by
 
establishing a starting point and a set of rules. The starting point is
 
the objective plus a set of requirements. The rules are constraints (a
 
priori and a posteriori) and criteria. The operation of the method is to
 
assign weights to alternative implementations of the requirements and to
 
document the consequences of combining the alternatives according to the
 
different weights.
 
The method must combat the destructive tendencies toward comparing
 
attions or impacts of different order, failure to agree on a weighting
 
system, failure to search for any alternative, failure to examine con­
sequences and impacts in like detail before comparing alternatives, and
 
failure to search out negative impacts with the same diligence of imagination
 
applied to positive,impacts.
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CHAPTER 3. ECASTAR SYSTEMS APPROACH 
The methodology of ECASTAR is presented and a discussion of the
 
application of technology to energy conservation is given. The
 
ECASTAR methodology constitutes an overview and blueprint for the analysis
 
of energy conservation actions.
 
3.1 THE METHOD
 
3.1.1 THE SYSTEMS APPROACH
 
The methodology for the ECASTAR study was based on a systems approach
 
to develop, display and characterize the problem of energy conservation.
 
A number of tools were used inconjunction with the systems approach
 
employed. The primary tools were -- INPUT/OUTPUT ECONOMIC ANALYSIS, NET
 
ECONOMICS and NET ENERGETICS. These tools are discussed in 3.3 and 3.4.
 
This section outlines the systems approach.
 
Figure 3.1.1-1 indicates a display of the systems approach process.
 
The process can be divided into four phases.
 
Phase I - The definition of the objective and constraints
 
and criteria;
 
Phase II - The establishment of the requirements necessary 
to meet the objective; 
Phase III - The determination of possible alternatives to the
 
requirements;
 
Phase IV - The tradeoff (analysis/synthesis) where tools such as 
decision theory, input/output and other assessment 
techniques are employed to select a final strategy, 
plan or device to satisfy the objective. 
This approach permits each phase to be a separate sub-system study, and
 
this is illustrated in Figure 3.1.1-2. The figure shows the requirement
 
of a systems approach display as the objective of a sub-systems approach
 
display. This resolution can be continued further resulting in a sub
 
sub-system approach display for the requirement of the sub-system approach
 
and so on until each piece of the problem becomes tractable. Each requirement
 
of the systems'approach study can be resolved as illustrated in Figure 3.1.1-2.
 
Analysis of each of the elements displayed through this resolution iscarried
 
out at the sub and sub sub-system levels. The tesults of the sub sub-systems
 
approach studies are combined at the next higher'level in an integration
 
process. This process is repeated until theoriginal systems approach
 
level is reached and the systems approach process continues to a conclusion.
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The words or terms objective, requirement, alternative, constraint,
 
criterion and trade-off as used herein are characterized as follows:
 
objective --	the function that the system or strategy must
 
perform or accomplish
 
requirement -- a partial need, stated in generic form, to satisfy
 
the objectives;
 
alternative --,one of many ways to satisfy a requirement;
 
constraint -- limitation within the framework of the study; 
criterion --	 desired feature of a system or strategy; 
trade-off --	 applying selection criteria and constraints to 
choose the combination of alternatives to meet the
 
objective. The trade-off process often requires
 
the application of many other techniques such as
 
technology assessment.
 
Constraints and criteria deserve discussion since these terms constitute
 
the category of statements that govern trade-off. The identification of
 
constraints and criteria is a problem to the systems approach practitioner.
 
These-terms are discussed in the next section.
 
3.1.2 CONSTRAINTS AND CRITERIA
 
Constraints and criteria were established by the group. Some were
 
established a priori, while many others were identified during the course
 
of the study. These terms are discussed as follows:
 
Constraints
 
In a very general way constraints are existing limitations of a study.
 
They are part of the status quo. Something becomes a constraint on a
 
proposal when it interferes with that proposal being acted upon.
 
It is quite reasonable and perhaps instructive to classify constraints
 
in accordance with their degree of inviolatibility.
 
Logical Constraints
 
The first class of constraints might best be referred to as
 
logical. Embodied in every thought, action, decision or judg­
ment is a set of pre-judgmental presuppositions which determine
 
in a strictly logical sense the validity and consistency of a
 
decision. One can propose inconsistent actions, bt one-canhot
 
expect them to reach fruition.
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Empirical Constraints
 
Empirical constraints are determined by the limits of theoretical
 
or scientific possibility. There are a set of natural laws which
 
limit in a very definitive manner the kinds of ways in which a
 
problem can be approached. The kinds of proposals which empirical
 
constraints would be expected to check are epitomized by sugges­
tions of perpetual motion machines and devices which would show
 
net energy gains. A characteristic shared by logical and empir­
ical constraints is their virtual immutibility. Practically
 
speaking, they delineate absolutely a boundary to possible
 
action; they tell what cannot be cone under any circumstances.
 
Technological Constraints
 
Perhaps no empirical impediments exist which would seemingly
 
preclude the possibility of an action, but the action's impos­
sibility may still be a fact simply because of the lack of
 
technological sophistication.
 
It is true that the limits of technological possibility change
 
over time. A breakthrough today makes yesterday's impossibility
 
a reality. Technological constraints are not absolutely fixed;
 
they depend on specific time frames. It is clear that the
 
temporal length of specific technological constraints can be
 
changed depending upon several factors including the degree of
 
interest shown.
 
Institutionalized Constraints
 
Institutionalized constraints include social, political, economic
 
and legal aspects of the current situation in the United States
 
and the world. Expectations and aspirations, styles of life and
 
income distributions, voting habits, political apathy, corporate
 
policy, governmental policy at all levels, and preparations for
 
the Nation's bicentennial all contribute to the overall back­
ground of constraints. By their very nature, institutionalized
 
constraints change. To effect conservation, some institutional
 
constraints must change. Not so obvious iswhat needs changing.
 
Criteria
 
Unlike constraints, criteria reflect desired rather than existing
 
features of a system. And in some important respects relevant criteria
 
can be identified before engaging in an analysis of the problem. Criteria
 
are'not strictly a priori; several may emerge once study of the problem is
 
commenced. A statement of criteria indicates a desired or sought condition
 
* as opposed to constraints which indicate an existing or anticipated limiting
 
condition.
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One of the important classes of criteria and constraints which needs
 
to be considered in any evaluation of an action or society as a whole
 
includes both human and social factors. Perhaps the best reasons for
 
dealing with this area are moralistic and humanitarian. There is a growing

public concern and level of awareness for the development of new technologies.
 
Some of this concern has been negative. Some concerns have effectively
 
impeded if not halted progress insome areas. Technically sound programs

failed to take account of human attitudes, -fears and interests. Thus, in
 
the past decade a number of programs which had excellent potential for
 
improving the current energy situation have been set back. Extravagant

impediments were encountered in the Alaskan pipeline program, and in
 
virtually every nuclear generating project increasingly stricter licensing

difficulties continue to develop. An abundance of these problems might
 
have been avoided or at least anticipated had human factors, that is,atti­
tudes toward the environment and concern for public safety, been taken
 
into account. Of course, attitudes change or develop in response to a
 
given situation and it is not always possible to anticipate human factors.
 
Thus, the economist, technologist and sociologist face a dilemma when
 
looking to the future, even if a systems viewpoint is adopted.
 
Constraints and Criteria inTrade-off
 
Unquestionably, there can be significant clashes between criteria and
 
constraints. For example, the energy costs of recycling metals of almost
 
every kind is far less than that of mining, transporting, and refining metal
 
bearing ores. An obvious conservation action, therefore, isto improve
 
recovery methods and increase the reprocessing of discarded and unused
 
metals. But this action encounters a constraint. The Interstate Commerce
 
Commission (ICC) which regulates the freight prices charged by railroads
 
provides for a price structure which directly corresponds to the market
 
value of a good being transported. The price established for recycled

metals is accordingly higher than it is for ores, so much so in fact that
 
economic incentives to the refinery for utilizing recycled materials are
 
relatively low. Even the most general criteria indicate the desirability

of decreasing the overall amount of energy used, but ICC policy interferes
 
with these criteria. A new action, therefore, seems indicated: a change

in ICC policy. The clash occurs between the constraint (i.e., present
 
policy) and the criteria (i.e., to reduce energy consumption at the
 
refinery). In this hypothetical situation, the recognition of the constraints
 
as an impediment comes only after the action has been proposed. Engaging

instances of this type arising at every level of action make the context
 
of discovery for constraint-criteria clashes very interesting.
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3.2 APPLYING THE METHOD
 
3.2.1 SYSTEMS APPROACH DISPLAY
 
The ECASTAR group applied the systems approach to the topic of energy
 
conservation. The group constituted an information system that collected
 
data, processed the data using the systems approach and displayed the
 
results in this report. The group collected data through seminars, reports
 
and telephone calls. There were interactions with at least 180 individuals,
 
corporations, institutes, universities, government groups and others during
 
the 11 week period. The seminars are summarized in Appendix M.
 
The display of the energy conservation problem as viewed by the group
 
is seen in Figure 3.2.1-1. This figure illustrates that energy conservation
 
can be viewed at different hierarchal levels. The highest level is at the
 
national policy level. If one assumes that the nation has adopted a policy
 
of energy conservation then there must be a strategy for implementing
 
conservation measures. Figure 3.2.1-1 shows this concept in terms of a
 
systems approach display. Several requirements are shown as necessary to
 
develop a strategy. Some of these requirements are an assessment of the
 
potential for energy conservation and the impacts of the conservation actions,
 
institutions to develop and implement conservation actions, money to finance
 
and sustain conservation actions and a management group to manage or
 
administer the conservation strategy. Other requirements are also necessary
 
but unidentified. Each of these requirements has a number of alternatives.
 
Those alternatives were not selected by the ECASTAR group. Instead,
 
ECASTAR studies the first requirement for the strategy. This requirement
 
has been the sub-system study objective, to assess the potential for and
 
impacts of various energy conservation actions. This objective and
 
associated requirements and sub sub-system studies were the focal point of
 
the ECASTAR study. Figure 3.2.1-1 shows the systems approach display and
 
indicates in abbreviated form the objectives, requirements and alternatives
 
thought necessary to develop a systematic understanding of energy conserva­
tion. The blueprint for the study is embodied in Figure 3.2.1-1 and ECASTAR
 
follows the blueprint. ECASTAR does not pretend to be a complete study"
 
of energy conservation but does try to show a way to view energy conserva­
tion.
 
3.2.2 ECASTAR TEAM
 
The ECASTAR team was composed of the twenty-one faculty cited earlier.
 
They organized themselves in task groups and elected task group leaders
 
and a project leader three times during the course of the 11 weeks so that
 
there were three sets of leaders. Each set served for approximately 1/3
 
of the 11 weeks in successive terms. Figure 3.2.2-1 shows the task group
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organization and indicates the "cross-cut" task groups developed during

the last 1-3 of the time. These "cross-cut" groups examined'the issues of
 
electrification, diversification with respect to energy sources, citizens'
 
actions for energy conservation, and evaluated impacts for some specific
 
energy conservation actions under the heading National -Energy Conservation.
 
Inaddition, one "cross-cut" group developed an integrated examination of
 
energy conservation actions ih the energy industry' residential/ommercial,

transportation and industrial sectors of the U.S.
 
3.2.3 STUDY PHASES AND OBJECTIVES
 
The :ECAS-TAR study was -onducted in two phases -z the Systems 'Design

Phase and Strategy Phase.-

System Design Phase
 
The objective of this phase was to -identify conservation actions,
 
assess these actions, and perform limited systems integration of the actions
 
with feedback to the objective. The energy system was divided into four
 
sectors -- energy industry, industry, transportation and residential/

commercial. Conservation actions were developed for each sector. The
 
actions ranged from material changes to substitutions of new sub and sub
 
sub-systems at well as altered operational procedures and altered use
 
patterns in each sector.
 
The actions inthe systems design phase are classed initially as
 
conservation if-the principle effect is4n one-of three categories -­
efficiency, substitution for more valuable fuels or curtailment of demand.
 
It is important to remember-that the phrase "principle effect" isqualified

by the need for a thorough assessment to determine ifthe action does
 
lead to energy conservation.
 
The actions by sectors generally-are defined narrowly and'are technical
 
or economic in nature. Thus, highly refined constraints and criteria are
 
not essential. Furthermore, the number of actions was by necessity limited
 
to a few in each sector which again did not lead to a'list of highly refined
 
criteria.
 
Strategy Phase
 
The objective of this phase was to identify sets of existing proposed
 
or imminent energy conservation policy actions having a large potential
 
for conservation. These sets which cross the sector boundaries constitute
 
the strategies of electrification, diversification, and national energy
 
conservation. The strategies were assessed as completely as possible
 
within time and resource constraints.
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The time frames for the strategies are roughly consecutive. National
 
energy conservation is a near term (1975 to 1985) strategy, electrification
 
is a mid term (1985 to 2000) strategy with the potential for being far term,
 
and diversification is far term (2000 and beyond). These sets of actions
 
display essentially all possible modes of conservation. Electrification is
 
almost a direct outgrowth of near term substitution and has real potential
 
for efficiency improvement. This is based on the potential associated
 
with substitution of one activity in a sector for another by using electricity
 
from a central station. The potential increases of efficiency with elec­
trification and the use of waste heat are considered. Diversification
 
is long term substitution of one form of energy source for another.
 
Diversification may be necessary even in an ultimate energy economy such as
 
an economy based on fusion. Diversification reduces the dependence of an economy
 
on one source of energy and the expenditure of capital on one energy source.
 
Diversification may lead to new export opportunities. National energy
 
conservation addresses the near term and includes all modes of conservation.
 
This strategy builds on recent history of intensive energy consumption
 
using scarce fuels. The strategy is proposed by some as an alternative to
 
deregulation of fuels in the U. S.
 
3.2.4 CONSTRAINTS AND CRITERIA
 
The constraints and criteria of the study are numerous. Some are
 
obvious, while others are subtle and recognized only after completion of
 
the study. Many others are tacitly agreed upon and not listed. This section
 
presents a partial listing and characterization of some of the constraints
 
and criteria. The list is given in two forms -- statements of constraints
 
and criteria and questions embodying constraints and criteria.
 
Some of the constraints and criteria are more flexible in their
 
application than others. This flexibility depends on the ranking given
 
to a constraint or criteria. The lower the ranking is, the greater the
 
flexibility. The ranking is a reflection of the importance society gives
 
to the technical, social, economical, environmental, legal and political
 
constraints and criteria. An inflexible statement of a constraint is that
 
actions must not be unconstitutional. A flexible but highly ranked criterion
 
or set of criteria relate to "life style". The energy problem is a threat
 
to current life style and hence this threat becomes a motivator for energy
 
actions that permit."life styles" to improve or lead to minimal degradation.
 
This criterion or set of criteria places the government and the citizens at
 
odds when government tries to act for the common good, since any action
 
has potential for depriving one group to benefit another. Government tries
 
to obviate the adverse effects on a group through rewards, subsidies, or
 
other compensatory programs or plans. The statements and questions relative
 
to constraints and criteria can be listed under generic categories and
 
stated generally. Each general statement or question leads to more specific
 
statements or questions. The ECASTAR group has not developed an exhaustive
 
list of specifically stated constraints and criteria in an explicit manner.
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Rather, the constraints and criteria are implicitly contained in the tenor
 
and writing of the report. Chapter 2 contains the large scale constraints
 
on the subject of conservation.
 
The following is a list of statements and questions relative to
 
constraints and criteria:
 
Statements
 
The study shall be confined to the U. S. economy but interactions
 
with foreign economies shall not be neglected.
 
Federal and state laws germane to energy conservation must be
 
considered. Those laws or regulations blocking a beneficial
 
conservation action must be noted. If the proposed energy
 
conservation action is not unconstitutional, then consideration
 
should be given to recommending a change in the law/s and/or
 
regulation/s.
 
Existing and proposed energy conservation efforts, economic,
 
technical and social, within the legislative and executive
 
branches of State and Federal government must be considered.
 
Parties at interest to energy conservation should not be overlooked.
 
Identification of those who gain and those who lose must be
 
included in the study. Losses must be minimized.
 
Present energy conservation actions in industry must be considered,
 
ECASTAR proposed actions must not lead to sudden disruptions in
 
the industrial sector. The disruptions of primary interest are
 
productivity, employment and dislocations of business and industries.
 
"Life style" changes must be determined for any anticipated
 
energy conservation action. "Life style" changes should be
 
minimized as much as possible if the change means a degradation
 
of "life style". Furthermore any change in "life style" should
 
be orderly.
 
Capital requirements must be determined for anticipated actions
 
and the selection of actions must be financially feasible.
 
Financial feasibility should be considered in terms of U. S.
 
gross national product projections and capital reformation.
 
Energy conservation actions must consider energy resources availa­
bility. Fossil resources should be conserved using the following
 
priority -- gas, oil, coal.
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All proposed energy conservation actions must be evaluated
 
in terms of a net energy savings.
 
All energy conservation actions must consider environmental
 
impacts and these impacts must be minimal.
 
The time frames for energy conservation should be
 
near-term 1975-1985
 
mid-term 1985-2000
 
far-term 2000 -

These time frames are stated on the fact that (1)energy systems
 
are currently projected to 1985 with reasonable certainty, (2)
 
energy conservation of immediate impact must be accomplished
 
starting now and continuing through the present U. S. energy
 
transition period, (3)the mid-term recognizes that any changes
 
of the U. S. energy system beyond 1985 must be planned now and
 
those changes will probably "buy time" for major changes based
 
on technology around the year 2000.
 
Questions
 
Does the action increase jobs, increase economic activity, lower
 
costs, pay for itself, increase profits, stabilize energy supplies
 
to the individual user, prolong usefulness of investment,
 
encourage new investment, remove inconvenience, create a sense
 
of-security, enhance life style?
 
Does the action satisfy the needs for fuel in specialized forms,
 
save certain fuels not necessarily BTU's, impact immediately or
 
in the very near term (e.g., 0 to 3 years), decrease dependence
 
on unstable supplies, increase supplies, prevent profiteering,
 
level supply with time, recognize resource limitations in making

fuel choices, increase environmental strain, increase perception

of danger, decrease uncertainty about technical and economic
 
feasibility of options, subsidize technical or economic performance,
 
recognize geo-political factors in fuel sources or fuel choices,
 
distribute shortages equitably, increase direct efficiency,
 
reduce unnecessary end-use, penalize selected end-uses and end­
use patterns, satisfy legal constraints or achieve variance?
 
Does the action optimize the system, solve the problem instead of
 
altering it, save energy and other resources on a net energetics
 
basis, remove potential sources of a future energy problem,
 
preserve economic and technical incentives, preserve economic and
 
technical strength for future major redesign of the energy
 
system, establish a foundation of knowledge and experience in
 
advanced technology, preserve economic strength to meet major
 
social demands, promote development of industries and infra­
structures less sensitive to fuel form and supply, increase the
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stability, flexibility, and adaptability of the energy system,
 
provide for the transition to the next generation of fuels and
 
uses, increase reliable options, allow for alleviation and
 
solution of problems of urbanization, distribute unavoidable
 
impacts equitably?
 
Some of the user criteria questions relate to supplies of special
 
fuels which depend on supplies of large volume products or supplies for
 
non-fuel purposes or specialized end-uses. Natural gas is singled out
 
immediately as having special non-fuel end-uses, and specialized clean
 
fuel uses. Aviation fuels depend on the production in parallel of other
 
transportation fuels which in turn depend on the production of unspecialized
 
products like heating oil to compensate seasonal demand. Some inhouse
 
electrical generation which indirectly saves oil or gas in turn depends on
 
the need for coke and has attendant pollution problems.
 
In-summary there are few ifany strictly technical or strictly time
 
independent criteria in the energy system or inconservation. Itwill
 
take some time and a totally new approach of imposing systems thinking to
 
mold the energy system by engineering criteria. All the engineering
 
notions of optimization interact with higher ranked economic and social
 
criteria and always will.
 
3.2.5 REQUIREMENTS AND IMPACTS
 
The requirements for the systems approach of energy conservation were
 
identified for the objectives of each phase of the study and these require­
ments in turn became objectives for sub-system approach studies. The
 
requirements for the sub-systems approach studies became objectives of
 
sub sub-system approach studies and so on. Figure 3.2.1-1 indicates the
 
hierarchy of the studies. Figure 3.2.5-1 gives a total display of the
 
process used in ECASTAR and the requirements. One sub-class of requirements

for energy conservation means or actions is tangible innature. These
 
requirements with others constitute the fabric of the three strategies
 
examined. The materials, capital and labor requirements are usually the
 
tangible requirements of key interest in a study. The magnitudes of
 
these requirements determine the impacts of the proposed actions on society
 
and the economy. Impacts give rise to "bottlenecks" in achieving the
 
actions and help society decide if the action or actions are worth the
 
costs. ECASTAR develops some of the requirements through to the impacts
 
as an example of what can be done to assess energy conservation.
 
3.2.6 TRADE-OFF
 
In a program with the goal of a single product, alternatives are
 
examined and a set selected which is optimal in terms of the criteria.
 
ECASTAR contains some examples of trade-offs but by far the greater emphasis
 
is placed on other assessment methods.
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3.2.6 INTEGRATION
 
A particularly important feature of a mixed system is its integration
 
with other major technical-social-economic systems. In a pure systems

design the integration is almost assured because of the many stages of
 
trade-off and feedback as the system is built up from the component level
 
to sub-system levels ultimately to the systems level. Indealing with
 
a scenario or strategy, there are similar large systems actinq, such as the
 
environment. The integration is not done in the small iterated construc­
tion steps but is left for the last step. This is not to say that scenarios
 
and strategies could not be constructed from iterated sub-systems. It is
 
just the fact that they are usually arrived at from different perspectives.
 
In particular, each is imbedded in the present situation which contains very
 
little in the way of well-integrated sub-systems.
 
Integration is important in assuring that the system has those features
 
which are more than numerical performance. Such features are stability,

adaptability, interface to systems to come, and optimization in qualitative
 
areas.
 
3.2.7 FEEDBACK
 
The iterative feature of the systems approach has already been referred
 
to in a previous section. There is another sense to feedback which is
 
related to requirements and to integration. The requirements are neutral
 
couplings of sub-systems on a very deep level. The integration process

implied other sub-system interactions. The last sense of feedback to be
 
mentioned is that interaction between sub-systems through variable character­
istics of the sub-system. The residential/commercial and transportation
 
sectors do far more than interact through energy supplies. They do far
 
more than meet at the curb or property line. One sub-system determines
 
many of the performance criteria of the other sub-systems. Many of these
 
feedback topics are addressed. For example, how does the number of vehicles
 
determine the placement and grouping of dwellings? How does the avail­
ability of gaseous, liquid, or solid fuels determine population distribution,
 
manufacturing, consumer preferences? It is these large scale specific

feedbacks by sectors which are the prime motive for the strategy phase of
 
ECASTAR.
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3.3 INPUT-OUTPUT ANALYSIS
 
The ECASTAR group sought to examine energy conservation, potentials,
 
and impacts from as broad a perspective as possible. The group was con­
cerned that energy conservation was being viewed in too narrow a context.
 
Many studies have failed to investigate possible impacts on the industrial
 
or national level due to preoccupation with the specifics of a conservation
 
action. Preoccupation with one specific action prevents a clear total
 
picture of energy conservation in its many forms. The potentials for
 
conservation remain ambiguous.
 
Input-output analysis was seen as a tool which would allow the group
 
to evaluate the multiple impacts of either a specific conservation action
 
or a set of actions occurring simultaneously in an economy. The tool was
 
modified in a way that would permit the tracing of both labor and energy

flows. Thus an action which originated in one industry but impinged on
 
all industries could be systematically monitored. One novel use of the
 
analysis was in the identification of conservation targets of opportunity.

The pinpointed "targets" were intermediate interindustry product flows which,
 
while not being large in terms of dollar flows, were nonetheless large in
 
terms of BTU flows.
 
Input-output analysis, in conjunction with ECASTAR's systems orienta­
tion, was successfully utilized informing a blueprint of assessing jointly
 
conservation in industry, transportation, residential/commercial, and
 
energy supply-sectors. This included identifying conservationpotentials,

assessing the impacts of conservation actions, and displaying the trade­
offs which inevitably occur.
 
The group constructed the ECASTAR energy input-output matrix and used
 
it to investigate the positive and negative aspects of impacts on the
 
economy resulting from a conservation action or set of actions. The model
 
uncovered material bottlenecks, potential labor shortages, and effective
 
conservation actions. The results of the input-output analysis are presented

in Chapters 8 through 11.
 
In preparation for these later discussions which use input-output

analysis, an explanatory description of the tool is presented. The
 
appendix to this section describes the procedure inmore detail (see C.3.2).
 
In 1967, total output from the primary metals industry, Standard Industrial
 
Classification Code, SIC code 3I, amounted to a little over $52 billion. Of that
total, only two and a half billion dollars made its way directly to final
 
product markets. By far the majority of this industry's output was purchased
 
as an intermediate product by other industries. What would happen if out­
put from primary metals decreased? Almost surely such an occurence would
 
have serious repercussions throughout the economy -- primarily by affecting

production in other industries. Clearly, the ability to trace systemati­
.ally the impacts-resulting from a 
change in interindustry transactions
 
becomes an important tool of analysis.
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Input-output analysis, 1-0, is a technique which permits a formal
 
analysis of industry sales and purchases. Inthis section attention will
 
be directed to a brief introduction to the technique. The application of
 
this method of analysis to assessing impacts of conservation actions will
 
be presented inAppendix C.3.2.
 
To highlight the salient features of I-0 consider the following
 
economy. In this economy there are only three producers; mining, manu­
facturing, and agriculture. Final markets consist of sales to consumers
 
and the government.
 
The sales by any producer can be found by reading across the rows
 
in Table 3.3-1. For example, the manufacturing industry produces total out­
put equal to 50 units. Of that total, 20 units are sold to the mining
 
industry, 20 units are purchased by manufacturing itself, 5 units are
 
sold to agriculture, and 5 units are sold directly in final markets. A
 
firm's total output must be apportioned between sales to other industries
 
and sales to final markets. Table 3.3-1 is frequently called a transaction
 
matrix. Normally units are expressed in dollars. Incidentally, gross
 
national product, GNP, is the sum of sales to final markets. In this
 
example GNP would be 35. GNP is not equal to the sum of total outputs,
 
150. That sum involves considerable double counting. Other useful
 
information can be distilled from the transactions matrix.
 
Rather than reading across a row to find the sales of a producer
 
focus on the entries in any column. Take the column headed by manu­
facturing. If one divides each entry in that column by the total output
 
for manufacturing one obtains what are called the,direct requirements for
 
producing one dollar of manufacturing total output. For this example
 
these are shown in Table 3.3-2.
 
The numbers have the following interpretation. To produce $1 of
 
manufacturing output the industry requires 30 cents of input from the
 
mining industry, 20 cents of its own product, and 30 cents from the
 
agriculture industry. These inputs account for 80 cents of the dollar
 
of output. The remaining requirements are allocated to value added -­
primarily-employee's compensation and return on capital.
 
The direct requirements table conveys information which ranks the
 
relative importance of all inputs which are used in production. Notice
 
also that for the manufacturing industry to produce a dollar of output
 
for final demand the output from the manufacturing industry must be at
 
least $1.40. Why? Because 40 cents of every dollar of total output
 
from that industry is itself used as an input in the production process.
 
While it has not been stressed note that there are also direct
 
requirements for the iemaining industries. For example, to produce
 
a dollar of total output in mining requires an input from mining of
 
20 cents. To be able to provide 30 cents of output to manufacturing
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TABLE 3.3-1. SALES BY PRODUCERS: A TRANSACTIONS MATRIX
 
Producers Final Total 
Producers Mining Manufacturing Agriculture Market Output 
Mining 10 15 5 20 50 
Manufacturing 20 20 5 5 50 
Agriculture 5 15 20 10 50 
TABLE 3.3-2. DIRECT REQUIREMENTS FOR MANUFACTURING
 
Units: dollars of input per
 
dollar of total output
 
Manufacturing
 
Mining .3
 
Manufacturing .4
 
Agriculture .3
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mining must produce output greater than 30 cents because like the
 
manufacturing industry, mining uses some of its own output in its pro­
duction process. Thus, there are a whole network of indirect requirements
 
underlying the direct requirements table. Total requirements, direct
 
and indirect, are usually also presented. The computation of entries.
 
in that table are more complex. This description is given in Appendix
 
C.
 
Once the direct requirement's matrix has been computed, a variety
 
of questions can be asked and evaluated. For example, if the output
 
from primary metals were reduced by 10%, one could a) determine which
 
industries would not be able to meet their final demands, b) determine
 
which industries would be impacted first, and c) determine what the
 
gap between previous and current total output would be and how, by
 
substitution, etc. to narrow the gap. In another example, one could
 
assume that growth in all sectors amounted to 4%. Given the new output
 
levels and final demands would there be sufficient quantities of all
 
inputs, including energy, to satisfy-these new levels?
 
Analysis can also proceed on non-dollar dimensions -- if total
 
labor and energy (inBTU's) requirements are known for all industries.
 
The crucial assumption needed in shifting from dollar flows to labor
 
or BTU flows is that the direct coefficients remain fixed. This is
 
the usual assumption in input-output analysis. An energy 1-0 matrix
 
can be very useful. For example, such a matrix would enable one to
 
trace through the impacts of energy usage due to shifts in final demand
 
or due to specific conservation measures like increasing energy utili­
zation efficiencies. Shortfalls in energy may uncover bottlenecks and/
 
or opportunities for conservation which may have been overlooked. Energy
 
impacts may well be different for labor and dollar impacts. Thus, for
 
any action considered it becomes necessary to examine what happens to
 
interindustry transactions and final demand in terms of BTU, labor, and
 
dollar dimensions.
 
3.4 ENERGY PERFORMANCE CRITERIA: NET ENERGETICS VERSUS NET ECONOMICS
 
The ECASTAR group recognized that one criterion for judging
 
energy systems in terms of conservation is efficiency. This section
 
represents a summary of the ideas expressed inAppendix C.4 of this
 
report. The interested reader is directed there.
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Efficiency is defined as the ability to produce a desired effect
 
with a minimum of effort, expense or waste. Effort indicates the
 
thermodynamic input to an energy system. Energy efficiency will be
 
considered both in terms of the First and Second Laws of thermodynamics.
 
The First Law states that energy in the total system is neither gained
 
nor lost; itmerely changes form. The Second states that during any
 
process, energy degrades. In other words, the available energy or
 
useful work capable of being extracted from an energy stream is less
 
than what is available in an idealized sense. First Law efficiency
 
can ingeneral be characterized by ratios of energy out (BTU) to energy
 
in (BTU).
 
The latter two quantities are determined by the actual forms of
 
the inputs and outputs of the process, and the process itself. If
 
one were to establish a true energy accounting system in a First Law
 
sense, one would account for all energy "embodied" in all the materials
 
involved with the process and the direct.energy for the process. With
 
the use of input-output analysis described in the preceding section, it
 
ispossible to approximate the direct and indirect energy inputs to a
 
process. The application of the broadest First Law efficiency criterion
 
istermed "net energetics".
 
Net energetics accounts for initial energy use (the analog of
 
initial dollar cost), life cycle energy use (the analog of life cycle

dollar costs) and the embedded energy in manufacturing and raw materials
 
including energy thrown away in production and transportation.
 
Second Law efficiency can be characterized by the ratio of the
 
minimum available work theoretically necessary to generate an output
 
to the available work actually consumed in its generation. The
 
application of the Second Law could be important to an energy accounting
 
system. This application is left to future study. Much work is needed
 
to evaluate energy systems in these terms. The implications of Second
 
Law efficiency on the nature of the U. S. energy system as a segment of
 
the overall economy are thought to be significant. However, net energetics
 
shall be limited to first law effeciency in the sequel.
 
In contrast to accounting in thermodynamic terms is the more popular

accounting in dollar terms. Two types of efficiencies will be discussed.
 
The first is called first-cost efficiency. An energy system is relatively
 
efficient in this sense if it has the smallest initial cost of implementation
 
out of a set of alternatives. The second is life cycle cost efficiency.
 
Life cycle cost combines first cost with the discounted flow of expected
 
energy costs over the life of the system. An energy system is deemed
 
life cycle cost efficient if it has the smallest life cycle cost out of
 
a set of alternatives.
 
Related to the attempt to minimize effort or expense is the
 
concept of waste. One might consider waste as the measure of how much
 
effort and expense a process uses over its respective minimum. The
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problem of identifying waste may be reduced to evaluating alternate
 
inputs to the process or to evaluating the size and character of the
 
rejected streams of energy and materials. One principal reason for
 
actual efficiencies never matching theoretical ones is that the constraints
 
of time, materials, money and markets determine the system's operating

point. Within the system, there are various forms of waste that may be
 identified. They are not all inclusive nor mutually exclusive. They
 
are mentioned to depict some important problem areas. One can consider
 
outright energy waste as that consumption which can be stopped with little
 
or no expenditure of labor, capital or other costs. Systems waste may

flow from the types of production and consumptive devices which employ

energy, the forms in which energy inputs are utilized and the failure to
 
take into account the recycling potentials of the components of the systems.

Some of these may be easily correctable, but others may entail a complete

restructuring of present systems.
 
The three criteria for energy systems choices may be compared

in their application to conservation actions. The status quo con­
tains energy systems, and any move to substitute alternate systems

must be assessed. Some actions may be efficient in a first-cost
 
sense but not according to the other two. Actions efficient in the
 
life-cycle sense are not necessarily first-cost and energy effic­
ient. Energy efficient actions may be unattractive inboth the first­
cost and life-cycle cost sense. It is felt that the degree to which
 
the three criteria are not consistent is the function of a faulty

mapping between units of energy and dollars. This is in part due to
 
the fact that energy prices do not reflect the true value of these
 
resources to society in terms of their worth to consumers, the exter­
nalities associated with their use, and the approach of some of them
 
to their ultimate limits.
 
As mentioned in Chapter 1, conservation implies substitutions
 
at various levels of society. The performance criteria help to
 
evaluate these substitutions. Appendix C contains the application

of these criteria to both broad and specific conservation actions
 
discussed inthe sequel. If is hoped that the discussion in the
 
appendix, coupled with the pioneering work at the Center for Advanced
 
Computation at the University of Illinois and Research Triangle, Inc.
 
in North Carolina, will provide policymakers with a new view of ef­
fective energy conservation actions.
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3M4oi. EFFORT OR ENERGY MEASURES
 
The energy measure which is most often used when evaluating the per­
formance or setting goals for technological improvement of engines, appliances,

industrial processes etc. is energy efficiency which arises from the First Law
 
of thermodynamics. The First Law may be stated as: Energy can be neither
 
created nor destroyed, but only converted from one form to another. First
 
Law energy efficiency is a comparison of the useful energy output of a process
 
or system to the energy input necessary to obtain that desired output. Thus
 
an increase in energy efficiency can be thought of as a decrease in the
 
amount of energy (effort) necessary to produce a desired output.
 
When making comparisons between alternate ways of performing an activity
 
or setting a goal for that activity in terms of energy efficiency the defini­
tion of the specific situation must always be carefully stated. That is,
 
the efficiency that is being referred to must be defined relative to a
 
system and a process. There are many efficiencies that can be defined for
 
a given system and the choice of which to use often is the deciding factor
 
of whether the system performance appears to be good or bad. For example,
 
when referring to the efficiency of a power plant, a qualifying statement
 
must be made as to whether the energy input is taken to be the raw fuel
 
energy in or the heat input to the working fluid at the boiler. Likewise,
 
the point of measurement and form of the energy output must be stated. It
 
is the electricity at the bus bars, electricity delivered to end use, or
 
total energy out of the system consisting of electricity plus the heat
 
energy out in the cooling water. This concept must also be kept in mind
 
when specifying standards of performance or desired increases in performance

and when comparing two energy using systems or devices. An example is the
 
setting of a goal of 20% increase in efficiency for a specific type of
 
energy using consumer product. The definition of efficiency must be cast
 
in terms of specific statements as to what the input and output energies
 
are and how they are to be measured.
 
The First Law of thermodynamics states that all forms of energy are
 
equivalent in that, when one form of energy disappears, an equal quantity

in another form appears. The First Law makes no attempt to designate whether
 
or not a system or process is ideal or to specify the direction the process
 
must take. For all systems the First Law is a bookkeeping device to ensure
 
that energy is neither created nor destroyed but merely changed in form.
 
The Second Law of thermodynamics recognizes that all forms of energy are
 
not equal in their ability to do work -- some forms of energy are more
 
valuable than others. All real processes convert energy from the more
 
useful to the less useful forms, i.e. energy is degraded in all real
 
processes. For example, high-quality energy (fossile fuels, nuclear energy,

hydropower) is converted to other forms of high quality energy (electricity,
 
work, high temperature heat) or low quality energy (low temperature heat).

As an example of the difference in grade of energy, consider the energy
 
contained inthe cooling water from a power plant. Although this water
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contains a great deal of energy its quality is low. That is because of
 
its 	very low temperature very little useful work can be obtained from it.
 
The 	First Law of thermodynamics cannot reflect the degradation of energy
 
from high grade to low grade during an energy conversion process since it
 
is satisfied if-energy ismerely conserved. A measure of the performance
 
of a system which does reflect the degradation of energy is the Second Law
 
efficiency or effectiveness. The effectiveness isdefined in terms of
 
available energy which is actually consumed in a process unlike energy
 
which is conserved. "Available energy is the maximum portion of energy
 
that could be transformed into useful work by processes which reduce the
 
system to a state in equilibrium with the earth and its atmosphere"
 
[Obert-63]. The effectiveness is defined as:
 
£ = 	 increase in available energy of desired output 
decrease in available energy required to obtain output 
That is, it is the ratio of the least available energy that could perform
 
the task to the available energy actually consumed in doing the task with a
 
particular system or device. The utility of the Second Law efficiency is
 
that it emphasizes processes where there is a mismatch between the grade
 
of the input energy and the grade of the desired energy output. For example,

although the First Law efficiency of a gas furnace is 70%, its effectiveness
 
is only about 13%o Since the desired output from this system is low grade
 
energy (low temperature heat) the low value of the effectiveness is an
 
indication that high quality energy has been used to obtain a low quality
 
result or that low quality energy input could have been used to obtain the
 
same desired result. A good example of a process that would have a high
 
effectiveness and use low grade energy (e.g. from the cooling water
 
mentioned above) would be to use waste heat from a power plant or industrial
 
process for space heating. A more subtle example would be an indication
 
that more emphasis should be placed on improving combustor performance in
 
a power plant than on improving the condenser performance.
 
The effectiveness is an indicator of how well a specific device
 
executed a specific task relative to how efficiently that task could have
 
been performed by an ideal (best possible) device. -It is also a measure
 
of how much improvement is possible. Maximizing the effectiveness will
 
minimize energy consumption for a given task. The distinction between
 
First and Second Law efficiencies may be extremely important in that it
 
could indicate where funds should be allocated for research and development

aimed at increasing energy performance of systems and devices.
 
The concept of energy efficiency can be extended to include all the
 
energy inputs necessary to obtain a good or service, that is net energetics.
 
Net energetics is an energy accounting scheme whereby the total 'energy cost
 
(energy inputs in BTU, kwh, etc.) of providing a good or service is
 
considered. Only when we know the total energy cost of a good or service
 
can we determine the energy conserved by consuming one good or service ­
instead of another, or by substituting a new technology or process for 
another. Energy inputs (or cost) to provide a good or service are classi­
fied as direct or indirect. Direct energy isthat consumed at the end use 
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3.5 AN EXAMPLE OF THE METHOD: TECHNOLOGY APPLICATION
 
The application of the methodology to the U. S. economy by sectors
 
using the input/output analysis matrix and other means identified several
 
targets of opportunity for energy conservation. These targets of opportunity
 
represent areas where technology may be applied to effect conservation
 
through increased efficiency or substitution. The group chose targets
 
where NASA technology was applicable since the information resources of
 
NASA were immediately available, NASA has an obligation to transfer its
 
technology, and feedback on the applications suggested was available from
 
NASA personnel. The NASA example isjust that and itshould be stressed
 
that other sources of technology can be tapped using the ECASTAR methodology.
 
As will be pointed out it is necessary to understand a socio-economic­
political problem like energy in its entirety before applying technology.
 
Technology applied without a priori assessment of impacts on society as
 
a whole can lead to ridicule for technology and a disasterous
 
result. Technology applied wisely can be a servant to man the inventor.
 
One of the objectives of NASA as specified in the National Aeronautics
 
and Space Act of 1958 is;
 
"The most effective utilization of the scientific and engineering
 
resources of the United States, with close cooperation among all
 
interested agencies of the United States in order to avoid
 
unnecessary duplication of effort, facilities, and equipment."
 
The Agency has been fulfilling this charge inmany areas of technology
 
including some pertaining to energy conservation. Examples of NASA
 
technology and programs that have a bearing on energy conservation are:
 
work in.the areas of materials, selective coatings and the
 
technology of heating and cooling which directly bears on the
 
efficient collection and use of solar energy;
 
new technology inthe areas of aerodynamics, structures,
 
materials and power generation that is being applied to the
 
development of windmills for power generation through a NASA-

NSF program;
 
solar cell expertise gained over years of experience is being
 
applied to the problem of reducing the cost and increasing the
 
efficiency of solar cells for direct conversion of solar
 
energy to electricity;
 
experience inhydrocarbon fuel chemistry and combustion applied
 
to the development of low-cost techniques for production and
 
collection of organic material and its conversion to fuel;
 
study aimed at using hydrogen as a central station or portable
 
fuel to reduce pollution and increase efficiency,
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The learning process for both NASA 4nd American industry in the
 
transfer and utilization of advanced technology has taken about 10 years.
 
Several years were required for a backlog of technology to accumulate
 
and for operational experience to be amassed. The rate of successful
 
transfer isquite high now and should grow rapidly. Energy related problems
 
in particular will be a strong impetus for adoption of new technology
 
because needs are urgent, old ways of doing things are being critically
 
examined, and new methods and devices are receiving research support which
 
entails strong technological support to bring a product to the commercial
 
stage.
 
An example of a specific area that has been identified as having great
 
potential for energy savings is improvement of combustion efficiency. The
 
combustion process is widely used throughout everv sector of the economy -­
in industry for heating process steam, in the energy industry for
 
heating of steam for power production, in transportation for internal
 
combustion engines and for space heating in the residential/commercial.
 
An estimate of the potential for energy savings by improvement of combustion
 
efficiency is that in just the process heat for industry a 5% improvement
 
would result in a savings of 1 million barrels of oil per day by 1985. A
 
detailed study aimed at identifying specific problem areas in combustion was
 
conducted by the American Physical Society. [APS-75-2] The APS identified
 
three areas inwhich research was needed:
 
experimental combustion diagnostics,
 
combustion modeling, and
 
emulsified fuels for combustion systems.
 
NASA's expertise pertaining to these areas includes extensive experience in
 
combustion and fuels research, as well as specific and general applications
 
of materials, components, subsystems, display technology and experience
 
with complex modeling. This technology and experience may be applicable to
 
the types of specific problems which have been identified and this may be
 
one area where a real contribution could be made. Other areas where NASA
 
may supply support technology or design expertise are:
 
systems analysis and computer modeling studies of energy usage
 
in buildings and district systems, including thermal response
 
and aerodynamics studies;
 
heat pump research and development to extend the useful temperature
 
range and explore the areas of solar assisted and ground water
 
assisted heat pumps;
 
research on rechargeable batteries;
 
aerodynamic studies of automobile and truck air drag;
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system studies, to optimize efficiency using criteria based on
 
the Second Law of thermodynamics;
 
establish precise environmental standards, land and water use
 
programs to guide construction of nuclear plants, oil refineries,
 
coal mine development and coal conversion;
 
develop new environmental monitoring and control programs using
 
satellites as a means of establishing large area interactions
 
with the goal of maintaining or decreasing present maximum
 
allowable pollutant levels while increasing usage of high sulfur
 
fuels;
 
development of an advanced flight control system for aircraft
 
that could increase the efficiency substantially by reducing the
 
weight;
 
studying topping cycles to increase the overall efficiency of
 
power plants;
 
evaluating Rankine and Brayton energy conversion technologies
 
developed in the aerospace proqram for possible use in auto­
mobiles;
 
applying their expertise to the problem of obtaining energy from
 
the ocean temperature gradients.
 
There are other areas in which space technology is being applied to present
 
day energy problems, but undoubtedly there are many more yet to be identified
 
where technology can be applied to effect energy savings.
 
In order to identify additional areas inwhich technology could make
 
an impact on energy conservation, it is first necessary to understand the
 
problem in its broadest context. ECASTAR endeavored to do this by employing
 
a systems approach to look at all aspects of the problem as well as the
 
interrelationships between them. ECASTAR characterized energy conservation
 
in terms of constraints and criteria that included the social, political,
 
and economic implications and connections. That is,ECASTAR attempted to
 
provide an interface between-the technological world, inwhich problems
 
and criteria are defined in technical terms, and the real world which
 
technology must serve. The effort looked at energy conservation in its
 
social, economic, political environment rather than from the narrow view­
point as an application of new technology.
 
This study was aimed at identifying targets of opportunity for energy
 
conservation that were of importance to all parties in a sector of the
 
economy, and which offer a potential for conserving energy through an
 
application of technology as well as social, economic or political means.
 
ECASTAR demonstrated techniques for essential clarification of the overall
 
problem such as input/outpul analysis and net energetics as well as the
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systems approah and impact assessment. The group sought to identify
 
areas in which relevant-detailed studies should be conducted to identify
 
specific problems whose solution would result in large net energy savings.

Once specific problem areas have been identified, existing technology or
 
areas of technological expertise must be identified that are relevant to
 
the specific problems. Next, the existing technology must be communicated
 
to researchers, developers, support industries and producers of consumer
 
products or the technology can be developed by a group with experience
 
and expertise inthe relevant area.
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CHAPTER 4. CONSERVATION IN THE ENERGY INDUSTRY
 
The basic supply and utilization problems faced by the United
 
States are described. Actions which might alleviate the domestic
 
shortfall of petroleum and natural gas are described, analyzed and
 
overall impacts are assessed. Specific actions included are coal
 
gasification, in situ shale oil production, improved oil and gas
 
recovery, impo-rafT 5W of liquid natural gas and deregulation of natural
 
gas prices. These actions may be weighed one against the other as
 
alternate techniques of alleviating or overcoming existing shortfalls.
 
4.1 INTRODUCTION
 
Specific sectors included within the energy industry are electrical
 
power production and transmission, oil production and processing,
 
natural gas production, uranium mining and production and coal mining.
 
Also included are a number of developing technologies such as natural
 
gas liquefaction, coal gasification, coal liquefaction, shale oil
 
development and solid waste gasification. Electric power generation
 
is of such significance that it will be discussed separately in Appendix J.
 
Similarly, those developing technologies which are not commercially
 
feasible at this time are described separately in Appendix K. Basically,
 
each of the energy industries is to some degree in direct competition
 
in supplying energy to industrial, residential, and commercial consumers.
 
although features of individual sources may preclude particular fuels
 
in specific applications.
 
In 1973, it was found that 23% of the total energy used in the
 
United States came from coal, 41% from oil, 30% from natural gas, 1%
 
from nuclear and 5% from hydroelectric. In reviewing proven reserves
 
the imbalance in utilization is startling; coal comprises about 95%
 
of all proven fossil fuel reserves. At 1972 consumption rates, coal
 
reserves would last for 800 years, while oil reserves are sufficient
 
for only 8 years and natural gas reserves for only 11 years. These
 
numbers are somewhat misleading in that they represent only known reserves
 
and not those yet to be discovered. Nevertheless, they do illustrate
 
in an approximate way the overall relations. Coupled with this problem,
 
and in part due to unequal utility of fossil fuels, is that of an energy

shortfall for specific fuels. Production rates from U. S. sources of
 
both oil and natural gas are below demand. As a consequence, oil must
 
be imported, often from unreliable sources. Since transoceanic transport
 
of natural gas is more difficult, the demand is simply not met, and
 
supplies are interrupted. The approach within the industry in solving
 
the problem is to curtail industrial users of natural gas and to examine
 
alternate sources. The shortfall in oil is being met largely through
 
imports and to some extent through conversion to coal. It is thought
 
that conversion to coal will be increased in the future as further
 
technological development introduces economical techniques of burning
 
coal cleanly. In the short term, significant pollution problems, together
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with environmental concerns over strip and deep mining, will hamper
 
rapid shifts to coal. A number of developing energy sources including
 
solid waste utilization and shale oil are presently under consideration.
 
These are of differing significance in terms of commercial potential,
 
but each offers an alternative to scarce and dwindling reserves of oil
 
and gas. Shale oil is especially attractive in that U.S.G.S. indicates
 
that U. S. resources of shale oil are almost twice those of coal. [Fisher-74,31]
 
The future for nuclear power development is not clear at this time.
 
Nuclear power plants are not being constructed as rapidly as expected,
 
and the issue is presently in abeyance as intervener issues are debated.
 
Should these problems be satisfactorily resolved,nuclear power may be
 
expected to fulfill a major portion of national energy needs.
 
In view of the reserves of coal and shale found in the United
 
States, it is clear that no shortage of total energy resources exists;
 
the problem is one of a shortage of domestically produced oil and gas.
 
The resources are here for a solution; the technology, policies and
 
equipment are not.
 
Section 4.2 outlines actions by industry undertaken over the past
 
20 years and indicates which actions tend to increase energy supplies.
 
Section 4.3 describes recent government actions which have affected
 
energy production. Several actions which are frequently proposed to
 
increase future energy supplies are analyzed and discussed in Section
 
4.4. These actions are coal gasification, in situ oil production from
 
shale, improved techniques for oil and gas recovery, importation of LNG
 
and deregulation of natural gas prices. Each action is similar in that
 
it serves to increase the supply of petroleum or petroleum substitutes.
 
Moreover, each action may be implemented in the near term so that a
 
significant impact may be expected prior to 1985. They may, therefore,
 
be viewed as competitive approaches to the energy problem, each vying
 
for a share of the capital available for energy development. A comparison
 
of these proposals is presented in Section 4.5.
 
4.2 CONSERVATION STATUS
 
Table 4.2-1 lifsts some of the technology changes which have
 
occured in the energy industry which have influenced conservation.
 
Actions stemming from government and actionsresulting in substitution
 
are not included. Thus, this table refers to conservation by increased
 
efficiency.
 
The substitution status was outlined in Chapter 2. The opportunities
 
to substitute fuels are an outgrowth of policies which depleted fuels
 
with smaller resource bases first. Thus, the U. S. cannot be proud of its
 
chance to conserve by switching to coal and/or nuclear.
 
In general,, significant efficiency gains have occurred in most
 
areas of the energy industry even in a period of declining real prices
 
for energy. Most of the inefficiencies are driven by consumer demand
 
or mandated environmental protection requirements.
 
TABLE 4.2-1. CONSERVATION STATUS -- INCREASED EFFICIENCY IN THE ENERGY INDUSTRY
 
NUCLEAR ELECTRICITY
COAL OIL GAS 

Resource + stripping + imports + imports
 
Extraction + long wall mining, + enhanced recovery - LNG storage
 
- finding rate - nuclear 
stimulation 
+ EHV, UHV lines
Transportation + slurry lines + evaporation + larger 
+ higher distribution
Distribution + covered trains prevention pipelines 
 voltages
 
+ lower corona losses 
- longer transmissionlines
 
+ greater fuel
Conversion + combustion + refinery + improved yields 
in petro burn up factors
efficiency efficiency 

gains chemicals + plant operating
 
factor
 
product mix + consetvative
 
rating of cores
 
+ control of 

increased efficiency of recovery or utilization, a [-] indicates the opposite
A [+] indicates an increased supply or an 

U, 
TABLE 4.2-1. CONSERVATION STATUS -- INCREASED EFFICIENCY IN THE ENERGY INDUSTRY
 
COAL OIL 	 GAS 
 NUCLEAR ELECTRICITY
 
Resource + stripping + imports + imports

Extraction + long wall mining + enhanced recovery - LNG storage
 
- finding rate - nuclear

stimulation
 
Transportation + slurry lines + evaporation + larger + EHV, UHV lines
Distributin 
 + covered trains prevention pipelines + higher distribution 
voltages 
+ lower corona losses 
- longer transmission 
* lines
 
Conversion + combustion + refi + improved yields + greater fuel
 
efficiency 	 efficienc in petro burn up factors
 
gains /chemicals + plant operating
 
+ cont. of 	 factor
 
p+ 	 conservative
 
rating of cores
 
A [+1 indicates an increased su or an increased efficiency of recovery or utili ion, a - indicates the opposite 
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4.3 GOVERNMENT CONSERVATION STATUS
 
As mentioned in Chapter 1, government and the energy industry have
 
had a long-standing relationship. State governments have instituted

"prorationing" policies to prevent the "rule of capture" on jointly
 
worked reservoirs in the hope of preserving natural drives. Wellhead
 
prices of interstate natural gas have been regulated. Coal miners are
 
being given compensation for hazardous health conditions. Public utilities
 
(service) commissions have regulations on utility rates.
 
The legal restrictions common to all sectors of the energy industry
 
(which are also common to many other industries as well) involve anti­
trust regulation, health and safety regulations, land use and siting
 
regulations, environmental standards and taxing policies.
 
Anti-trust regulation puts limits on the vertical and horizontal
 
integration in the industry. This is an important problem since entry
 
into this industry entails extremely large fixed capital investments.
 
Health and safety problems have basically centered around coal mining
 
accidents and black lung disease. Land use problems occur in siting
 
power plants, refineries and transmission lines. Environmental problems
 
occur with refinery discharges, acid drainage from deep mines and
 
topographical disruptions from strip mining, power plant air pollution
 
and/or thermal discharges, aesthetic issues, and land use concerns.
 
Taxing policies have been controversial. Fossil fuel production has
 
until recently carried with it a depletion allowance. This meant that
 
22% of the resource value was deducted from taxable income each year
 
of the producing life of the well, even ifmore than 100% was eventually
 
deducted. Other taxing policies have included investment tax credits
 
and deduction of taxes paid to foreign governments from U. S. taxable
 
income.
 
In summary, the government has intervened strongly into the industry's
 
activities. Some of the measures are directed towards conservation.
 
Many of the important measures at various levels of government are listed
 
in the respective Appendixes. New government actions are being proposed
 
currently, and it is part of the task of this group to evaluate a portion
 
of these in terms of energy conservation. The result of this analysis
 
is displayed in Appendix I. The government isvery interested in developing
 
a consistent policy that optimizes the net benefit to society. The energy
 
industry is a particular target because of the widely discussed pricing

practices in firms with large fixed capital investment and diminishing
 
average and incremental (marginal) costs.
 
4.4 ACTIONS
 
In an overall view of potential for energy conservation in the
 
energy industry, a number of actions stand out as especially pertinent

in that near term implementation is frequently advocated. Ineach case,
 
the technological problems appear manageable, economic potential is
 
judged favorable, and development is commonly considered to require
 
simple legislative, executive or industrial adaptation. A number of
 
such actions are considered in Appendix D to determine their impacts
 
and whether such actions could be implemented in the proposed time
 
frame. The essential features of such activities are described in
 
sections 4.5.1 through 4.5.5 below.
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4.4.1 COAL GASIFICATION
 
Present and projected shortages in natural gas have led to several
 
alternative methods of supplementing of gaseous fuels. Coal gasification
 
technology has reached the point where plans for commercial plants are
 
being implemented, and permit applications are under government review.
 
Six 250 mmcf/day plants are presently on order [Pollaert-75] with American
 
Lurgi, and a total of 29 plants of various types and size are under study.
 
[CA-75,94] The Lurgi plants have a sufficient operating history to be
 
considered present technology items, and construction of these units
 
presents no major technical problems.
 
A crash program to build coal gasification plants has been estimated
 
to be able to produce up to 3 trillion cubic feet of pipeline quality
 
gas per year by 1985. [PI-74-3-107] Natural gas production in 1973 was
 
22.6 trillion cubic feet, and production is not expected to rise significantly
 
over the next decade. Synthetic pipeline gas production could reach 10%
 
of the total supply by 1985 and could reduce oil imports by 500 million
 
barrels per year. This represents 25% of the oil imported in 1973.
 
[Ford-74-28]
 
Manufacture of the Lurgi gasifiers and associated equipment is not
 
envisioned to be a major problem. [Pollaert-75] The vessels are
 
designed for operating pressures of only 450-525 psig so that pressure

vessel construction iswell within the range of current technology.
 
(Nuclear reactor vessels are constructed for pressures in the 1000-2000
 
psig range).,
 
While the process development and manufacture of the equipment
 
appear manageable, other problems are unresolved. Government regulations
 
on natural gas pricing preclude pricing structures based on mixed'
 
natural gas and synthetic pipeline gas (SPG). Intrastate natural gas has
 
recently sold for $1.20 to $1.90/mcf at the wellhead, whereas SPG is
 
estimated at $2.50 to $3.50 at the plant gate. While a mixed product
 
price would appear competitive with oil, the higher priced SPG may
 
not bemarketable alone. The heating value of oil is such that oil
 
at $11.00 per barrel iseconomically equivalent to pipeline gas at
 
$2.00/mcf. It is not clear to what extent the residential and commercial
 
sectors would choose to buy gas at the higher price; certainly there
 
are some convenience features associated with gas which might continue
 
to make it desirable. It should be noted that any future reduction in
 
foreign oil prices might upset market conditions significantly. The
 
risks in such a venture are enormous. Capital costs for the pipelines,
 
plants and mines are estimated at $30.75 billion. Unless the venture
 
is guaranteed in some way, perhaps by a floor on oil prices, it is
 
unlikely that adequate quantities of capital can be raised.
 
Environmental concerns have also presented a major obstacle to
 
plant development. Ingeneral, gasification plants require extensive
 
strip mining and enormous water resources. In the semi-arid regions
 
where plants are proposed,it is not clear to what extent the land
 
can be reclaimed. Moreover, diversion of water to mining and gasification
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processes may seriously deprive existing agricultural areas. Large­
scale introduction of mining and gasification into these areas would
 
si'gnificantly alter the pattern of life,transforming agricultural and
 
range land into industrial centers. There is sufficient opposition to
 
such change to bring about numerous attempts to block development of
 
gasification sites. The Sierra Club has been successful in blocking
 
development in the North Platte River area until a multi-state environ­
mental impact statement can be prepared and reviewed. This study has
 
been estimated to take a minimum of two years, and further delays may
 
follow as new questions are introduced. It would appear that a pattern
 
may be developing in which interveners may seek to prevent such-develop­
ment through a series of injunctions. The procedure is similar to that
 
used by groups in opposition to nuclear development. Unless fundamental
 
changes are brought about in the method of licensing, it is doubtful if
 
the process can provide a significant impact prior to 1985.
 
4.4.2 INSITU SHALE OIL PRODUCTION
 
Shale constitutes one of the nation's largest sources of fossil
 
fuel; it seems reasonable, therefore, that its potential be carefully
 
explored. In situ methods of shale oil production show distincti.ve
 
promise for cost effectiveness. Moreover, Occidental Oil Shale Corporation
 
has testified that a production level of 1 milli.on bbl/day is achievable
 
by 1980. Allowing some lee-way for additional technical problems, a
 
goal of 1 million bbl/day of shale oil by 1985 has been established for
 
this action.
 
At the moment, the nature of technological problems are not altogether
 
clear. Occidental, the only company now active in in situ recovery,
 
has successfully-extracted oil from three experimental sites and has
 
a commercial size project under way. Its primary interest is to
 
demonstrate economic feasibility. To do so will require that a number
 
of yet undisclosed technological difficulties be resolved. Although
 
Occidental has not yet publicized its results, the following requirements
 
are a reasonable estimate for a 50,000 bbl/day project (assuming 20 bbl/ton
 
shale source). 
Manpower 1,200 
Construction costs $ 250 x 106 
Operating costs $ 60 x 106/yr 
Steel 60 x 103 tons 
Net energetics which give credit for crude oil, coke, ammonia,
 
and sulfur produced but deduct for mobile equipment, energy, hydrogen
 
reformation, process heat and electric needs show a favorable net energetics
 
balance of 10.5 (output/input). [PI-74-9,87] Ifthe energy required to
 
produce the steel used is included, this figure reduces to 10.4. Other
 
factors such as energy requirements for disposal, grading, explosives, and
 
sundry other items can reduce this further to 8.9. Additional considerations
 
such as transportation requirements and environmental restoration will
 
result in even further reduction. Potential savings from a 50,000 bbl/day
 
operation would be 2.9 x ol12 BTU/day or 2.12 quads/yr discounting energy
 
costs. The final net energetic gain reduces this to an actual savings of
 
1.76 quads/yr.
 
Although in situ shale processing does not present the kinds of
 
demographic environmental problems that surface retorting does, the
 
impacts are still severe. Native flora will be destroyed by removal
 
and tramping. Labor requirements and concomitent population shifts
 
will still be extensive. Consequently, water and land for residential
 
use will be needed. Spent shale disposal will present a problem, and
 
the prospects of leaching of alkaline materials and consequential
 
contamination of ground water will have to be guarded against.
 
Successful in situ retorting of shale will depend largely on the
 
results of Occidental 'sinvestigations. Sufficient data to draw a
 
definitive conclusion should be available by Fall, 1975. At this
 
point the program appears-to be viable.
 
4.4.3 IMPROVED RECOVERY TECHNIQUES FOR OIL AND GAS
 
This action is a conservation measure in the simple sense that
 
it increases the efficiency of utilization of a resource by extracting
 
a larger percentage from known deposits. Next to management of the
 
well itself, management of the reservoir is the key to profitable production
 
with a long producing life. Aside -from the logic of recovering as much
 
oil as possible from known deposits to reduce the exploration risks and
 
first costs, enhanced recovery impacts directly on any policy of finding
 
substitutes for imported petroleum.
 
Enhanced recovery of oil and gas is a partial substutite for
 
imports, shale oil, coal oil and gas, and exotic portable fuels or­
hydrogen generation. There is some potential for tapping resources
 
such as heavy crudes and tar sands which might otherwise remain unused.
 
Tertiary methods such as in situ combustion would transfer technology
 
to other extraction processes such as shale oil. The technology and
 
know-how would also be of great value for export or for assistance
 
programs to developing nations. Environmental and social impacts
 
per unit of energy are generally small with enhanced recovery methods.
 
In this discussion all the statistics will be based on [PI-74-2].
 
The gains in enhanced recovery methods will come from oil reservoirs,
 
heavy crude reservoirs, and tar sands. Present technology of a pre­
embargo vintage recovers an average of 31% of the oil in the reservoir.
 
The recovery is estimated to rise to 39% under the assumption of
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$7/bbl oil. Recovery may exceed 50% in some fields with prices at
 
$11/bbl. The model parameters for a typical well give a simple picture
 
of the effect of advanced recovery on well life. The primary life of
 
the well is taken as 5 years and the secondary and tertiary lives as
 
5 and 20 years, respectively, at much reduced production levels. The
 
implication is that most wells are on secondary recovery now, and many
 
are beyond the help of secondary recovery. Inthe era of stable oil
 
prices when economic incentives for advanced recovery were weak and
 
the technology was not very advanced, massive shut-ins of wells occurred.
 
There is limited potential for reopening wells once shut-in.
 
The overall potential for secondary and tertiary recovery techniques

is large. As a percentage of oil already produced plus an addition to
 
new production, enhanced recovery is large both in total (as much as
 
a 30% addition to the recoverable fraction) and large in near term
 
impact (as much as 20% of domestic production by the 1980's). This
 
oil produced by enhanced recovery constitutes a contribution to fuels
 
needed to ride out the transition to other fuels with larger resource
 
base or to intermediates requiring development.
 
The status of enhanced recovery technology isgood and improving.
 
There is a well developed industry and supplier chain and a pool of
 
trained personnel. The training and education programs exist for
 
expanding the manpower base. It has been proposed inthe Department
 
of Interior's 5-year R & D Programs (June 74) that $300 million be spent
 
on enhanced recovery research and development. A further amount has
 
been allocated for other programs such as heavy crudes and tar sands.
 
The technology of secondary recovery is basically water flooding
 
(90%) and other injection schemes (10%). Tertiary recovery involves
 
more elaborate-flooding programs using more expensive media or more
 
complex cycles of operation. It also includes combined mechanical
 
(explosive or hydraulic) working with chemical or thermal stimulation.
 
The principle requirements of enhanced recovery are an attractive
 
threshold price and the requisite investment. The threshold price
 
can be estimated from additional investment per barrel of added
 
reserves. The estimated secondary recovery investment today ranges
 
from SO.32 in the Gulf to $0.96 inAlaska per barrel added. Tertiary

investment is estimated to range from $0.80 to $1.68 in the different
 
oil regions. Enhanced recovery costs are projected to double or more
 
by 1988. [PI-74-2,III-22] Present Congressional thinking,would allow
 
for some fraction of old oil to be sold at a ceiling price of $7.50
 
relative to the $5.25 ceiling and bona fide tertiary recovery projects
 
to have a $8.50 ceiling. This pricing structure proposal isdiscussed
 
more fully inthe chapter on HR7014. There is the intent to eventually
 
erase the price differential on domestic oil except for OCS and Alaska.
 
The material requirements specific to enhanced recovery are minor.
 
Ingeneral they represent the same distribution of materials as primary
 
production. Sheer size of the requirements is not a deterrent to the
 
programs visualized in Project Independence. Water use is very small
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compared to the consumption in processing fuels. Also the water
 
or fluid drive isusually made up of whatever ison hand: brine, C02
 
and some natural gas liquids. Tertiary recovery will require specialized

chemicals. The demand for these and other supp6rting goods and services
 
will expand the infrastructure of well service companies and create some
 
new opportunities. There isalso a large material recycle program

inherent inenhanced recovery work. These old wells supply a good

fraction of the pipe and equipment needed to implement advanced recovery.
 
The impact picture for enhanced recovery isin general favorable
 
especially for secondary projects. Tertiary recovery, particularly
 
unproven methods such as insitu or microbiological methods, lack either
 
history or assessment of impacts. Prolonging the life of a production

site contributes a proportionate environmental load each year, but to
 
counter this, it reduces the expansion of oil production into new
 
territories. The initial drilling and production periods have greater

environmental impacts than the long term stable operation phase.

Initiating new recovery methods introduces a transient load on the
 
environment. Insofar as enhanced recovery substitutes for other
 
intermediate fuel forms, such as shale oil and coal conversion, it
 
should be credited with large net savings in environmental impacts.

Since enhanced recovery potential isstill small compared to our long

term fuel needsthe impact of these other energy conversions isdelayed,

not prevented. The economic life of communities and firms tied to
 
old oil folds will be prolonged.
 
The actions discussed above leave out one important alternative,

nuclear stimulation of gas. The recent experience with this method
 
has not been encouraging. Real problems exist with yield, seismic
 
hazards, entrained radioactive materials, cost and net energy return.
 
Opposition isgrowing to the point of passing state laws forbidding

nuclear explosions.
 
4.5. THE GOVERNMENT DEREGULATES NATURAL GAS PRICES
 
The justification for this action stems from the regulation of
 
interstate gas prices by the Federal Power Commission at prices below
 
equilibrium levels. This legislation can be enacted immediately. It
 
will raise the prices of natural gas (NG). The American Gas Association
 
has an elaborate computer simulation model which estimates gas prices and
 
production for 1975, 1980 and 1985 assuming that gas prices are deregulated

this year. They assumed other prices constant, except for a 5.5% in­
flation rate over time. -The jump ingas prices takes place immediately

and then simply follows inflation. Old gas prices are assumed to follow
 
current contractual agreements. Interms of a BTU equivalent to $11/bbl

oil, new gas prices are expected to rise to $1.96 this year, $2.56 in
 
1980 and $3.19/Mcf in1985. National average prices projected (in­
cluding old gas) are $.55, $1.56 and $2.66 respectively. Total marketed
 
gas isprojected to be 18.3, 22.7 and 29.2 Tcf respectively. These
 
figures imply continuing shortages of 1.6, 4.0 and 1.8 Tcf respectively.
 
Demand for gas isexpected to rise over the period, but imports and syngas

are expected to increase supplies.
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In actuality, the prices of oil, coal and electricity should increase.
 
Demand for-(supply of) these commodities will go down (up), and the
 
degree is measured by-the own and cross price elasticities of each (see
 
Section 1.2.1 above). The actual manpower, capital and other requirements
 
are related to expanding supplies of NG, oil and coal as a response to
 
higher prices.
 
Increased fuel prices not only erode purchasing power directly, but
 
lead to increases in the prices of goods for which they are important
 
inputs. This may make American goods less attractive abroad, but decreases
 
our dependence on foreign oil and gas. Higher prices, however, are a
 
difficult burden to the poor.
 
Higher fossil fuel prices also may make alternative methods (e.g., tertiary
 
recovery, shale, OCS, solar heating, etc.) relatively more attractive.
 
They promote conservation by generally causing people to reduce use of
 
direct fuels, to implement more efficient devices such as heat pumps and
 
compact cars and to substitute non-scarce fuels such as coal in industry
 
and electricity from coal or nuclear fuels in the residential/commercial
 
sector.
 
Quads saved are very difficult to estimate since the interplay of
 
several market forces and other government edicts are uncertain.
 
4.5,5 IMPLEMENTING OF LIQUID NATURAL GAS (LNG)
 
The justification for this action is that it has a potential in solving
 
some high demand problems by supplementing domestic natural gas supplies and
 
to provide gas during periods of normal (base-load) use. The details of the
 
technology, costs, potential and impacts of implementing this action are
 
presented in section E.4.5.4. The technology of importing LNG involves the
 
following:
 
Install gas liquification facilities in oil producing countries,
 
which do not have much local demand for NG that is produced with
 
oil, to convert NG to LNG,
 
Ship LNG by heavily insulated cryogenic tankers,
 
Install regasification and storage facilities inthe U. S.
 
(importing country).
 
LNG technology has been used commercially in the U. S. for more than
 
30 years; technology was initially applied to provide supplemental gas
 
during periods of high demand. More than 30 plants are presently in
 
operation to provide LNG when large demands for heating gas exceed the
 
pipeline capacity during the coldest days of the year. Foreign LNG was
 
first utilized during the winter of 1968-69 when the LNG equivalent of
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about 150 million cubic feet of gas was imported from Algeria by Bosten
 
Gas Company. The price ranges in dollars per 1000 cubic feet between
 
1975 and 1980 are expected to be: 
LNG from Alaska to U. S. West Coast 1.50-2.18 
LNG from Canada and Venezuela 1.00-2.20 
LNG from Eastern Hemisphere 1.00-1.89 
It is estimated that the contribution of LNG imports in 1985 to the total
 
U. S. natural gas will be 1.6 trillions of cubic feet (about 5.4% of total
 
U. S. natural gas supply).
 
Among the major considerations in LNG importing isthe large capital
 
investment required for ocean tankers. Moreover, long-term operating
 
experience is still an extremely rare commodity inthe LNG business. One
 
should also note that the small number of LNG facilities installed inforeign
 
exporting countries makes itmuch easier for production to be interrupted
 
than istrue for crude petroleum and export. Environmental concerns are with
 
the human health and safety impacts of any accidental spill or fire associated
 
with transporting huge amounts of LNG.
 
In conclusion, the benefits of LNG lie inthe fact that it has an
 
octane rating well above 100 without the addition of anti-knock addi­
tives; it is clean burning and produces minimal air pollution; its specific
 
energy per pound is 15% greater than gasoline and itcan be used as an
 
engine coolant before it is burned as a fuel.
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CHAPTER 5. CONSERVATION AND THE INDUSTRY SECTOR 
Excessive energy consuming patterns and the substitution of energy
 
for manpower have been encouraged in the past not only by "cheap energy"

but by governmental policies (regulation) and by a changing economy and
 
society. Growing energy consumption can be directly related to the
 
substantial changes that have evolved in the lifestyle of the U. S.;
 
for example, productivity in industry-has increased with the growing
 
substitution of machines for labor, resulting in fewer man-hours and
 
shorter working weeks.
 
Today, things are different. Industry is faced with increasing
 
fuel cost and little hope of relief in the near future. Over the
 
past few years some industries have recognized the inevitable shortage
 
of certain types of fuel and have planned accordingly. However, most
 
industries have been hard hit by the rising fuel costs; consequently,
 
conservation is one way to help solve the problem.
 
Six of the most energy intensive industries were chosen for study
 
in the industry task group. After studying conservation acti'ons within
 
each industry the actions were grouped under three broad categories:
 
(1)increased combustion efficiency, (2) process improvement, and (3)
 
good housekeeping. Approximately 7.5% savings have already been accom­
plished in industry by implementing good housekeeping measures. Under
 
the increased efficiency category, decreasing the excess air in the
 
combustion chamber from 20% to 10% results in a fuel savings of ap­
proximately 1% (0.15 quads in 1980 and 0.18 4uads in 1985).
 
Based upon some rather tenuous assumptions and Gyftopoulos' data,
 
it was estimated that approximately 2.18 quads could be saved in 1980
 
and 2.57 quads in 1985 by installing cogeneration facilities in 50%
 
of industry. [PFE-74] Obviously there are monumental obstacles to the
 
implementation of this action in the area of regulation, fuel supply, and
 
utility corporation.
 
Under the category of process improvement, a significant savings in
 
energy may result from installation of air preheaters. Regenerative
 
air-preheaters can result in a 10-15% increase furnace efficiency which
 
represents a 15-25% fuel savings (2.3 to 3.9 quads in 1980 and 2.7 to
 
4.5 quads in 1985). These savings are based on the fact that the combustion
 
process requires about 70% of the projected fuel consumption.
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It is important to note that the fuel comsumption projections used
 
were very low (23.2 Quads in 1980 and 25.9 quads in 1985). Since the
 
calculations are based on these projections rather than historical
 
growth projections, the estimated potential savings may be low. How­
ever, in the case of preheaters it was assumed that preheaters would
 
be installed whenever possible (estimate would be too high).
 
Several major industries have potential for energy savings by
 
recycling -- aluminum (0.2 quads), steel (Iquad), glass (0.006 quads),
 
paper and cement (0.08 quads). The major obstacle in this area appears
 
to be reliability of supply. In addition to these broad categories, some
 
conservation actions are included under individual industry discussions.
 
Finally, a non-inclusive list of conservation actions is included.
 
A limited discussion of some of the impacts, barriers to imple­
mentation, and suggested incentives is included. Impacts in the political,

economic, social, and environmental areas were identified. For example,
 
one of the actions discussed --cogeneration -- has impacts, both positive

and negative, on each of these areas. Prior to implementation of this
 
action the Federal Power Commission would have to make decisions concerning

the regulation of electricity generated by industry. The most probable
 
arrangement would involve utilitiesin an intermediary role in which they

might purchase electricity from industry to sell to their customers.
 
Since utilities already switch electricity back and forth using their
 
grid network, the mechanics of such an action are less of a problem

than convincing utilities that such an action is advisable. Even though

the potential savings is large due to the fact that efficiency ismore
 
than twice as great when the waste steam is utilized, industry may be
 
reluctant to step into this new role of electric generation with its
 
accompanying problems. In general, industry has in the past preferred to
 
purchase electricity and let the utilities worry about fuel supply and
 
operation and maintenance problems. The possibility of a manpower

shortage, in terms of the engineers needed to implement these conservation
 
actions, needs to be explored.
 
Many of the regulations concerning environmental standards not only

increase consumption of energy but also compete for capital needed to
 
implement the conservation actions. The effect of large capital demands
 
by industry on the capital market should be investigated. If capital

is not available at reasonable interest rates, then budget cutting may

result in a reduction in potential energy savings or other impacts, such
 
as decreased employee raises, travel expenses, R&D funds, etc. These
 
are only a few of the impacts that will have to be identified and assessed
 
before conservation actions are implemented.
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5.1 INTRODUCTION
 
As the largest energy consumer, the industry sector has a great

potential for total energy savings with small percentage changes. An
 
attractive feature for conservation efforts is the concentration of energy
 
use in a few industries which provide a focal point. The prospects of
 
conservation are enhanced by centralized management structures which can
 
make the decisions for action and by localized energy activities which
 
ease the implementation of the actions.
 
In assessing the potential for conservation in industry, six highly
 
energy intensive industries have been singled out as targets of conserva­
tion opportunity. Considered together these industries accounted for
 
80% of the manufacturing energy consumption in 1967. These industries
 
are food and kindred products, paper and allied products, chemicals,
 
refining, stone, clay and glass, and primary metals. The Standard Indus­
trial Classification (SIC) scheme is followed in the data collection and
 
analysis. There is a capsule description of each industry inAppendix F.
 
Approaching conservation at the process level leads to consideration
 
of process improvement, increased combustion efficiency, and general energy
 
housekeeping. The immediate impacts of these actions may be less energy
 
used and lower energy costs. The impacts would be localized and there
 
would be longer term impacts. The conservation actions are carried forward
 
ultimately to final consumption. The really potential catastrophic impacts
 
occur if final demands are inopportunely altered. Drastic changes in the
 
structure of consumption may set off reverberations throughout all indus­
tries0 The magnitude and severity of the secondary impacts of the auto
 
slump should be convincing.
 
As an alternative,only that energy which was utilized in the produc­
tion of that industry's final demand would be charged to that industry.

Under this accounting procedure, the energy used to make steel for auto­
mobile production would be charged to the automobile industry. Here the
 
focus is on the final product -- that part of industry production which
 
ends up as part of aggregate consumption. In terms of the GNP this is
 
the relevant part of industry production. Following this accounting scheme,
 
the industries which are "targets of conservation opportunity" change.

Now, rather than focusing on primary metals, emphasis should be centered
 
on the transportation, machinery and electrical machinery industries.
 
Whether the targets of opportunity are determined by looking at the
 
intermediate products (primary metals, chemicals, etc.) or by looking at
 
final demand (transportation, etc.), the potential for conservation may
 
be misrepresented and underestimated unless the interdependencies are
 
accounted. Examples of the assertion are given in Appendix E.
 
The assessment of the potential energy conservation in the industrial
 
sector was chosen as the industry task group's objective. The assessment
 
activity was organized by using a system diagram to display the interaction
 
between the various activities undertaken by members of the group. A system
 
and subsystem diagram is displayed in Section E.I.
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5.2 CONSUMPTION STATUS
 
Consumption.of energy for the six most energy intensive industries
 
for 1967 and 1972 is shown in Table 5.2-1. The historical picture
 
generally indicates an increase in energy use with the exception of
 
primary metals. Energy intensive industries generally have centralized
 
facilities for energy use and some flexibility as to primary fuel use.
 
Since the industries are unique, each has a specific consumption
 
profile. The fuel use by type for each industry is presented in Table
 
E.2.7-1 in Appendix E.2.
 
5.3 CONSERVATION STATUS IN INDUSTRY
 
Since industry historically has used about 40 percent of the energy
 
used in the U. S., it seems likely that there would be a large potential
 
for savings in that sector. Since the six energy intensive industries
 
consumed 85 percent of the energy used by industry in 1971 [PI-74-8,3],
 
these will be examined in some detail-with respect to the conservation
 
potential and current conservation status in Section E.3.
 
In general it has been estimated that large quantities of energy can
 
be saved in the industrial sector because past policy has been to build and
 
operate plants in the cheapest manner possible. Given the "cheap" energy
 
of the past, most industrial operations have been large energy consumers
 
and much of the energy has been wasted. Industry is now evaluating energy
 
use in terms of economic savings.
 
There are varied estimates of the potential savings of energy in
 
industry. [NAS-74,51] estimates that 20 quads by 1985, assuming historical
 
growth, would be saved through materials management alone.
 
5.3.1 SCENARIO PROJECTIONS
 
Projected energy use under the three scenarios, historical growth,
 
technical fix, and zero energy growth considered by the Ford Report
 
[Ford-74], is given in Table E.3.1-1, Appendix E.3. The estimated savings
 
of the technical fix over the historical growth is 10.2 quads by 1985 and
 
29.4 quads by 2000. The savings of the zero energy growth over the technical
 
fix is estimated to be 2.1 quads by 1985 and 14.7 quads by 2000. See Tables
 
E.3.1-2 and E.3.1-3 inAppendix E.3. [PI-74,172] estimates that the poten­
tial savings brought about by increased efficiency in industrial processes
 
is 1.5 quads/year by 1985 with oii at $llbbl.
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TABLE 5.2-1 CONSUMPTION STATUS
 
Consumption of energy for the six most energy intensive manufacturing
 
industries for 1967 and 1971. The numbers are inquads and are from
 
[EEA-74,1-30]
 
1967 1971
 
Food andkindred products .77 .92
 
Paper and-allied products 1.16 1.31
 
Chemicals and allied product3 2.59 2.78
 
Petroleum and,Coal products 2.56 2.95
 
Stone, clay, and glass products 1.23 1.37
 
Primary manufacturing 4.08 4.03
 
All manufacturing 14.77 15.94
 
Fuel use by type is presented inAppendix E.2.7. Consumption data obtained
 
from other studies and reports are included in Appendix E.2.
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5.3.2 	POTENTIAL CONTRIBUTIONS OF RESEARCH AND DEVELOPMENT TO INDUSTRIAL
 
ENERGY CONSERVATION
 
The potential for contributions from research and development (R&D)
 
to industrial energy conservation is generally believed to be quite
 
large. There is agreement that energy savings as large as 20 to 25%
 
per unit of output are possible through developing such technology
 
as more efficient machines and new, low energy processes. The difficulties
 
in implementing such results are discussed in Appendix E.3.8. A methodology
 
to overcome these difficulties is displayed on Figure E.3.8-1.
 
The salient features of this figure are requirements I-IV which
 
are the following:
 
I - Identify High Energy Users
 
II - Identify Technology Needs for Energy Conservation
 
III - Assess Potential Energy Conservation Technology 
IV - Assess Impacts of the Technology if Implemented. 
Satisfying requirements I and II above indicates that there is a
 
large potential energy savings achievable through use of sophisticated
 
existing technology (particularly NASA's). The major industrial energy
 
consumers need more efficient combustion technology and better sensors
 
for process control. Both are NASA technological strengths. Introduction
 
of oxidizers in industrial combustion processes as is done in rocket
 
systems offers potential for large energy savings. A 5% efficiency
 
improvement in 25% of industrial combustion systems will result in
 
over a 0.3 quads saving in 1975. Details are discussed inAppendix E.3.8.
 
A partial listing of applicable NASA-developed sensors is given in
 
Table E.3.8-1. It should be noted that insufficient time was available
 
to the Design Group to finish requirement III.
 
Requirement IV,impact assessment methods, have been developed by
 
the task group as a whole. Estimates of energy savings in a single
 
industry due to specific technological developments must first be
 
conducted. Then impact assessment, done on U. S. industry as a whole,
 
must also be executed through the input-output techniques described
 
in the preceding sections. Energy savings in one industry should
 
be traced through all industry interactions to establish impacts
 
such as total industrial energy savings. Other important impacts
 
which may result from this analysis are changes in final demand for
 
products and employmeht. Thus, complete research and development
 
strategies with well defined benefits (and accordingly, high probabilities
 
of success) can be developed.
 
In conclusion, it seems there are many opportunities for sophisticated
 
technology in general and NASA technology in particular to satisfy technical
 
needs which will bring about large scale industrial energy savings. Un­
fortunately, current NASA plans do not call for aggressively exploiting
 
this area.
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5.4 GOVERNMENT ACTIONS
 
Government actions have major effects on energy usage, prices and avail­
ability in all sectors of the U. S. economy. One proqram speaker [GT-75] 
noted that all U. S. energy prices are set on legal statute rather 
than cost of production. State regulation of natural gas prices'is one ex­
ample. Another example is the Emergency Petroleum Allocation Act (EPAA) of 
1973 which sets prices for "old" crude and will expire August 31, 1975. 
Quantitative prediction of the impacts of "old" oil decontrol are listed 
inAppendix E.4. It seems clear that energy prices affect industry in two 
ways: (1)energy prices are part of the manufacturing cost (hence price) 
and , as such, influence demand for any industry's output and (2)prices con­
sumers pay for energy also influences demand (e.g. automobiles). Therefore, 
energy prices affect industrial output, industrial employment, GNP, etc. 
Federal legislation is al.so pending which will directly affect
 
industrial energy usage and energy efficiency standards. At least three
 
bills have been introduced which will require industry to: (1)furnish
 
energy consumption information to the federal government and (2)implement
 
plans to reduce energy usage per unit of output. The capital requirements
 
for achieving large scale energy reductions are discussed in the following
 
section in this chapter.
 
Another major government action is providing funds for research and
 
development of energy usage. The principal agencies are ERDA (Division
 
of Inter-industry Programs) [LS-75] and the National Bureau of Standards
 
which has already prepared several guides to industrial energy conservation
 
(EPIC Program [EPIC-75] and the Waste Heat Management Manual).
 
Other legislative influences on industrial energy use are state and
 
local laws. Most existing legislation of this type causes excessive energy
 
usage and is not conducive to producing energy conservation. [GT-75]
 
Future state and local legislation may produce energy conservation by such
 
means as requiring power plant siting so that industry will be able to use
 
plant steam.
 
In summary, government actions influence and regulate industrial energy
 
and conservation as much as any other factor.
 
5.5 CONSERVATION ACTIONS
 
Conservation actions in the industrial sector can generally be
 
grouped into three broad categories: (1)increased combustion efficiency,
 
(2)process improvement and (3)good housekeeping measures. Another im­
portant type of conservation action is reducing demand by changing end
 
use patterns. This type of conservation action isdiscussed in Section
 
E.2.
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5.5.1 CONSTRAINTS -- AN OVERVIEW
 
Inconsidering the three broad categories of act4ons, certain
 
constraints and criteria were identified. Several of the constraints are
 
imposed by industry itself. For example, industry, in general, treats
 
conservation measures involving capital improvements the same as any other
 
capital outlay. In addition, these conservation actions must have a pay­
back period of less than two years. [EEA-74, 4-24]
 
Since capital dollars spent for conservation efforts will not be
 
available for other improvements, such as environmental equipment and
 
cleaning, there may be a conflict of interest in the allotting of budgeted
 
money.
 
Several actions outside industry itself will have considerable effect
 
on energy consumption, i.e., government regulations requiring a reduction
 
in the quantity of lead in gasoline and the desulfurization of fuel oil.
 
Thus, one can see that in some cases there is a direct conflict between
 
environmental standards and energy conservation. The government should
 
recognize that there may be a correspondingly large demand for capital if
 
industry attempts to correct the situation in both areas simultaneously. A
 
large demand for capital might result in rising interest rates and slow
 
down the economic recovery of the country.
 
One'of the most important constraints facing the manufacturing sector
 
at the present is natural gas curtailments since gas accounts for roughly

40% of total consumption. Conversion away from natural gas toward other
 
fuels has been taking place at a rapid rate. Since investments in this
 
area are not available for conservation actions, the result is an energy

penalty.
 
These and other constraints are discussed in Section E.5.1. In general,

it has been found that since the Arab embargo., industry, by implementing
 
many of the good housekeeping measures listed in the non-inclusive list of
 
conservation actions found in Section E.5.5, has reduced energy consumption

by about 7.5% compared to 1972 energy consumption levels [Wells-75]. The
 
fact that these good housekeeping measures not only conserve energy but also
 
require little or no capital investment while returning significant rewards
 
in terms of money saved has made them extremely attractive inmost instances.
 
Consequently, most of the good housekeeping measures that could be implement­
ed quickly have already provided significant savings in energy. The other
 
two broad categories of actions are discussed in Section 5.5.2 and 5.5.3.
 
5.5.2 INCREASED COMBUSTION EFFICIENCY
 
Efficient firing of fuel is extremely important, as evidenced by the
 
savings attributed to a reduction in excess air from 20% to 10% -- approxi­
mately 0.15 quad in 1980 and 0.18 quad in 1985 assuming that 70% of the
 
energy consumption is involved in combustion, and using the Energy and
 
Environmental Analysis, Inc. (EEA) projected consumption of 22.2 quads in
 
1980 and 25.9 quads in 1985. These assumptions are considerably lower
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than historical growth projections, approximately 24 quads were used in
 
the industrial sector in 1972 [NPC-74,27]. The projections of the EEA study

assumed a 1.7% decrease in energy consumption per unit of-output through
 
1980 and 1.9% from 1980 to 1985. Annual energy consumption growth rate for
 
the manufacturing sector was assumed to be 3.1% per year which is slightly
 
lower than the past trend of 3.2% per year.
 
Obviously, some conservation actions are assumed to be implemented
 
inorder to arrive at this decreased energy consumption per unit of out­
put ratios in the future. However, using these lower projected

consumption figures gives lower estimates of the potential savings avail­
able for each of the major conservation actions discussed in this chapter.
 
Power.-Generation VS. Purchased Power
 
Government regulatory attitudes are presently discouraging investments
 
in internal power generation by manufacturing industries. The trend toward
 
increasing reliance on purchased electricity isbelieved to be the result
 
of industries' concern over the availability of fuel supply, in terms of
 
natural gas curtailment and allocation priorities. Since they have a lower
 
allocation priority than the utilities, industry is apparently letting the
 
utilities worry about the fuel supply problem. Unfortunately, this trend
 
toward increasing reliance on purchased power will result in the loss of
 
significant opportunities for improving the efficiency of energy utiliza­
tion.
 
The importance of this issue rests with the inherent inefficiencies
 
associated with generating electricity at central power stations as compared

with generating electricity on site and recovering the waste heat or using
 
fuels to produce mechanical power. Whereas utilities on the average attain
 
efficiencies of-approximately 33%, the use of on-site electrical power
 
generation combined with recovery of waste heat results in an overall effi­
ciency of 60-70%, and theuse of on-site steam generation for production of
 
mechanical power can attain efficiencies of about 80%.
 
Using Gyftopoulos's [PFE-74,27] estimates for the potential for elec­
trical generations per million BTU per hr., and other assumptions discussed
 
in Section E.5.2 (50% implementation and EEA's projections), the potential
 
for energy conservation by combining power generations with process heat
 
is estimated to be 2.18 quads in 1980 and 2.57 quads in 1985. See Table
 
E.5.2-1 for an estimate of potential saving by industry. Obviously, these
 
are gross estimates since the 50% implementation-assumption has been applied
 
to all industries. Some industries would have much greater potential for
 
electrical generation while others would possess much smaller potential. In
 
any case, the overall potential saving is significan, even assuming the
 
extremely low overall consumption levels projected by the EEA study.
 
A gross estimate of the capital required to install cogeneration facil­
ities in 50% of the manufacturing sector by 1980'is $2.42 billion and the
 
fuel cost, it .41t/ KWh, would be $2,07 billion. If the generated elec­
tricity were sold or used at the rate of 1.60*/kWh, the return or the quan­
tity generated would be $8.1 billion (payback period of less than a year).
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Since no consideration of interest rates, employee salaries, etc. was attempt­
ed at this point, this is an extremely simplified attempt to show that the
 
economics of cogeneration may be encouraging even though monumental obstacles
 
(federal power commission regulatory procedures, effect on utilities, assur­
ance of fuel supply, etc.) must be overcome before any significant progress
 
can be made. Some of these obstacles are discussed in Section E.5.2.
 
5.5.3 PROCESS IMPROVEMENT
 
Air preheating and recycling are the two conservation actions chosen
 
to illustrate actions in this area.
 
Regenerative Air Preheating
 
Studies have shown that inclusion of a regenerative air-preheater
 
system can result in a 10-15% increase in furnace efficiency, which
 
represents a 15-25% fuel savings. [EEA-74, 4-26] This fuel savinqs
 
represents 2.3 to 3.9 quads in 1980 and 2.7 to 4.5 quads in 1985 based
 
on the EEA study projections. Estimates of capital investment based on
 
Prengle's [PRE-74] total capital investment versus heat recovered plot
 
(Figure E.5.3.1-2) range from $.2 to $.3 billion in 1980 and $.22 to $.34
 
billion in 1985. Estimated payback periods at various fuel costs indicate
 
a payback period of less than 2 years.
 
Introduction of Previously Processed Materials Into the Production Stream
 
The total output of a manufactured product isthe sum of primary and
 
secondary production. Most frequently, the secondary production includes
 
recycled materials as outputs from processing products (old scrap). Less
 
frequent, but just as important, is the introduction of filler materials
 
which are less energy intensive but which provide an end product with
 
the desired properties. The secondary production takes advantage of the
 
previous energy history of the material with the tendency to reduce the
 
energy per unit total output.
 
Scrap can and will play a vital role as the raw material for secondary
 
production in the aluminum, steel, glass, paper, and cement industries.
 
Recycling scrap aluminum with an accompaning energy savings of 0.2
 
quads is technically feasible and easily implemented if the supply is
 
reliable. The major impacts are in the area of assuring the supply and
 
the balance of payment problem -- the amount of ore (bauxite) imported is
 
reduced.
 
Approximately a one quad savings can be obtained by recycling scrap
 
steel. However, a large capital expenditure inthe form of conversion
 
from open hearth to the basic oxygen or to the electric furnace is required.
 
Thus, even though the process is highly favorable from a technological
 
standpoint, itwill not be very easily implemented unless there is growth
 
in the industry.
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Recycling of glass within the glass industry does not look very prom­
ising even though approximately 0.006 quads could be saved through recycling.
 
The obstacles encountered include a predicted reduction in the use of glass
 
containers. One interesting idea in the area of glass recycling is the
 
possibility of recycling scrap glass into the fiberglass industry. However,
 
the net energetics and barriers to implementation, as well as the advantages
 
accompanying such an action would need to be evaluated before such an action
 
is seriously proposed.
 
5.5.4 SPECIFIC ACTIONS BY INDUSTRY
 
A few of the actions being considered by specific industries are
 
discussed in Section E.5.4. However, in some cases, certain actions could
 
be applied to industry as a whole.
 
5.5.5 CONSERVATION ACTIONS
 
A noninclusive list of some of the conservation actions proposed by
 
various reports and individuals is included in Section E.5.5.
 
5.6 ASSESSMENT AND IMPACTS
 
As a result of looking at the potential for conservation in industry,
 
certain areas requiring additional analysis have been noted. This section
 
is an attempt to pull together some of the impacts that have been addressed
 
in various reports as well as some that have been generated as the group
 
worked on the actions. Obviously, all of the areas impacted cannot be
 
identified by looking at the industrial sector in isolation. Most of the
 
considerations deal with interactions between the industrial sector and the
 
other sectors of the economy. A more thorough consideration of these impacts
 
is presented in Chapter 8.
 
. Estimates of future total capital requirements vary, but to Treasury 
Secretary William Simon, ". . . it is relatively clear that in coming years 
we will have to devote approximately three times as much money to capital 
investments as we have in the recent past" [Simon-75]. Since 1 1/2 trillion 
dollars was invested from 1962-1972, our future requirements will be in the 
neighborhood of 4 1/2 trillion dollars for the period 1974-1985. This 
capital is simultaneously earmarked for new plant and equipment, improving 
the quality of the environment, new construction, and the development of 
new energy sources; the capital is also earmarked for increasing productive 
capacity. In light of these demands on the capital, one might ask whether 
there will be a capital shortage and adequate fundi.ng to develop and imple­
ment conservation actions. 
To put this assessment in perspective, compare 4 1/2 trillion dollars
 
to a rule of thumb estimate of the supply of loanable funds for the period
 
1974-1985. Assuming a savings rate of 10%, and nominal growth at 5%, total
 
savings for the period 1974-1985 would amount to a little over 2 1/2 trillion
 
dollars [Santemaro-75]. One way to ease this deficit would be to increase
 
the savings rate or change the output of some sectors. Itshould be under­
stood, however, that the tradeoff would be a shift away from a consumption
 
orientation.
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Not all investment projects have equal implications. Those funds which
 
replace plants, equipment, and increase productive capacity make itpossible

for the "economic pie" to increase in the future. Investments mandated by
 
government, such as those aimed at promoting safety and securing a clean
 
environment, do not increase total productive capacity. Investments for
 
energy conservation fall somewhere in between.
 
Conservation investment made as a response to higher fuel prices and
 
which have short payback periods will be more likely to attract the
 
necessary capital than long-term investment projects. Relatively short­
run investments provide a-hedge against future variations- in the-rate of
 
inflation. The cost of capital for conservation implementation depends on
 
the accrued savings obtained through conservation. As fuel prices go up

it becomes more attractive to use capital for conservation. In a tight
 
capital market the increased use of funds for conservation will be
 
accompanied with higher interest rates. This should not put a strain
 
on industry conservation investment, as the returns from conservation are
 
expected to still warrant paying the higher interest rates. However,
 
investment for other uses may be sharply affected by higher interest
 
rates.
 
Conservation actions imposed on industry by government which have
 
long payback periods may reduce overall production and investment for
 
.new plants, equipment, and capacity. As operating costs increase, one
 
can look forward to prices being passed through and reflected inhigher
 
retail prices. The reduction in plant investment,along with the destabil­
izing effect that these price changes have on inflation and final demand,
 
suggest-a much more uncertain future.
 
The economic feasibility of many of the energy conservation actions
 
presently being considered is discussed in terms of a payback period of
 
two years or less. In addition,the conservation action must be able to
 
compete with other measures on the same basis. Although this constraint
 
imposed by industry in general is understandable from the industrial
 
point of view, not instituting such measures entirely on economic grounds
 
is difficult to justify. For example, even though a conservation action
 
may require a large capital investment resulting in a payback period of
 
several years, its potential for savings and other advantages such as
 
employment of additional workers should be examined and evaluated before
 
the decision not to implement the action ismade. If the action does
 
indeed offer a large potential savings and has other positive impacts,
 
then the possibility of an accelerated tax write-off rate to companies
 
who cannot afford to implement this conservation action should be
 
considered.
 
Inmany instances industry will be forced to commit large capital
 
expenditures for pollution equipment. These capital expenditures will
 
compete for capital funds that will be needed to implement conservation
 
actions. Fof example, an article inthe July 26, 1975 issue of the
 
Tampa Times [TT-75] commented on the "relatively small" cost of environmental
 
cleanup in the refining industry by 1983. The nonprofit Council on Economic
 
Priorities estimated that the petroleum industry would have to install
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pollution control equipment valued at $3 to $4 billion 'by 1983. The amounts
 
needed for pollution control do not seem so huge in comparison to the
 
nearly $1 trillion (based on 1974 dollars) estimated by Chase Manhattan
 
Bank to be spent on all capital investment in the refining industry over
 
the next decade. "This industry deals in billions of dollars almost as a
 
-matter of course, and $3$4 billion does not seem to be an impossible
 
amount of money for the industry to raise." [TT-75]
 
The preceding statement concerning the "relatively small" cost of
 
environmental cleanup could also be applied to the cost of energy

conservation actions. In addition, the fact that saving energy means
 
saving money makes these capital, expenditures more attractive. However,

environmental cleanup is already legislated and energy consumption reduction
 
is voluntary. The question arises as to, whether there will be a trade­
off with some other area of the industrial budget. For example, the
 
conservation measure may be implemented but R & D may be cut, or some
 
employees may be laid off, or traveling expenses may be reduced. Obviously
 
cutbacks in any of these areas will impact still other areas. A reduction
 
intravel expenses,for example, may reduce the number of airplane trips a
 
business may take -- a secondary impact which may or may not result in a
 
reduction of energy consumption. If a company plane is involved, there
 
may be a reduction in the 'number of flights but if the.businessmen are
 
using commercial flights, then these companies may be affected by a
 
reduction inpassenger loads., etc. Other areas where environmental
 
restrictions may impact directly on energy consumpti-on include:
 
Restriction of the use of lead in gasoline has resulted in
 
increased energy use.
 
Reduction in coke production in the steel industry due to
 
problems in meeting the air and water quality standards, which,
 
inturn, has increased the use of direct oil injection in
 
blast furnaces.
 
Desulfurization of residual fuel oil to comply with environ­
mental regulations requires an equivalent of 3-4% of the
 
quantity of oil processed.
 
GolernmenL requirements for sterilization and cleanliness partially
 
offset trends towards lower energy requirements by adding to the
 
already high consumption of energy for cooling and refrigeration
 
[EEA-74,74J.
 
Many of the government regulations imposed on the food and meat
 
industries involve the consumption of large amounts of energy.
 
Some industry experts believe a relative relaxation of the
 
regulations would not affect meat quality. It is possible
 
that recently proposed regulations will be postponed in an
 
attempt to curtail rising industry energy requirements [EEA­
74,7-6].
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An impact area which has been used to manipulate industries' energy
 
usage is the importation of energy intensive materials. The material-s
 
may be introduced at various times in the production stream, although the
 
major use is at the beginning as raw materials (imported ore). This
 
effectively reduces the energy used in the U. S. The impact of such
 
importation has both political and economic impacts, heavy dependence on a
 
foreign service and balance of payments . A major change in the steel
 
industry may be the increased use of high grade foreign ore to reduce 

energy cost. The aluminum industry is already a heavy importer. 
-
Recycling is often promoted as a major donservation action. A major

obstacle is the reliability of discarded products being recycled. The
 
removal of material from the waste stream is aggravated by diffusion. In
 
order to insure reliability there must bemajor political and social
 
changes.
 
One of the major actions discussed in Section E.3.2 was cogeneration of
 
electricity. Higher fuel and electric ,costs could,provide the needed incentive
 
to increase the qeneration of electricity on site at plants having large
 
steam loads. However, uncertainties about fuel supply could offset the
 
effect of high fuel cost on combined steam/electric generation desirability.

As discussed in Section E:3.2, assuring fuel supply might be an additional
 
incentive to 'industry to encourage cogeneration. Itappears that the
 
economics,favor the installation of such generating equipment if:industry

could sell the excess electricitv generated.
 
Obviously, the implementation of this action requires considerable
 
mediation between the utilities and industry. Much of this interaction
 
will be discussed in Chapter 8.
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CHAPTER 6. ENERGY CONSERVATION AND THE TRANSPORTATION SECTOR 
The United States possesses a remarkable transportation system which
 
has given individuals a degree of mobility and the nation as a whole a
 
capacity for movement of goods unequaled in history. But this system
 
carries an energy price--approximately 25% of the nation's energy is
 
consumed directly in the operation of the system. The technologies
 
and methods for achieving a substantial reduction in this energy price
 
are well known. Not so well known are the motivations which will
 
lead to implementation of these technologies and methods. The focus of
 
this chapter is to il-lustrate the present status and to explain why it is
 
imperative that the most desirable of these technologies and methods be
 
selected for implementation.
 
6.1 INTRODUCTION
 
The transportation sector is comprised of various.modes: railroad,
 
ships, truck, auto, pipeline, barge, and aviation. Each of these modes
 
has certain inherent advantages for specific types of shipment, commodities,
 
convenience, speed and energy consumption.
 
An intelligent appraisal of energy usage by the various modes in the
 
transportation sector requires an understanding of the relative energy
 
efficiencies, or conversely, the energy intensiveness (El) of the various
 
modes.* Hirst has developed estimates of EI for various transport modes.
 
[Hirst-731. His study defined in detail historical changes in El for the
 
period 1950-1970. The contributions of changes in freight and passenger
 
traffic levels, modal mix patterns, and individual modal EI's to changes
 
in total transportation were computed. The EI's developed by Hirst for
 
the year 1970 will be considered applicable at present.
 
*Energy intensiveness (EI) is defined as BTU/ton-mile for freight
 
and BTU/passenger-mile for passenger traffic. El is the inverse of
 
energy efficiency. It is important to remember that energy efficiency
 
is a function of two factors: technical efficiency (capacity/BTU) and
 
load factor (percentage of capacity utilized). For example: passenger­
mile/BTU=seat-mile/BTU x passenger-mile/seat-mile.
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The El of the United States transportation system shows a historical
 
increase across all modes with the exception of the railroads. The
 
decline in railroad El is a result of the conversion of the railroads
 
from coal to oil during the decades 1940-1960. Figures 6.1-1 and 6.1-2
 
present the historical variation in El for the various modes for intercity
 
transportation of passengers and freight. Preliminary indications are
 
that the El's are relatively stable at this time.
 
6.1.1 PASSENGER TRAFFIC
 
Passenger traffic and freight traffic show distinctive differences
 
in modal usage. Intercity passenger traffic is carried primarily by auto­
mobiles with airplanes, buses and railroads making minor contributions.
 
The variation in E1 between these modes is pronounced, although not as
 
great as for freight transport. As shown previously in Figure 6.1-1,
 
buses and railroads are the most efficient modes. The trend in passenger
 
traffic distribution among the modes has been to increase the percentage
 
of traffic carried by the modes with the greatest El. This, coupled with
 
an expanding traffic base, has led to a 155% increase of energy use in
 
intercity passenger traffic between 1950 and 1970. [Hirst-73]. Figure
 
6.1.1-1 shows the 1970 intercity traffic and energy distributions. Note
 
that airplanes, because of their high El, account for 10% of the traffic
 
while consuming 22% of the energy. Urban passenger traffic displays
 
gross differences from intercity passenger traffic in modal choice. Urban
 
passenger traffic moves almost exclusively by car with a small and
 
declining percentage carried by mass transit (either bus or rail).
 
Figure 6.1-1 shows the El for autos as compared to mass transit. Note
 
that urban values for passenger El are more than double the values for
 
intercity El values dub to poorer vehicle performance and poorer utiliza­
tion. Figure 6.1.1-2 shows thef1970 urban passenger traffic and energy
 
distributions. Autos account for the bulk of both energy and traffic;
 
Thd relative efficiency of mass transit is demonstrated by its smaller
 
share of the energy distribution.
 
6.1.2 FREIGHT TRAFFIC
 
Freight traffic El's, as shown in Figure 6.1-2, for intercity traffic
 
vary grossly by mode. Pipelines and ships are the most efficient modes,
 
followed closely by the railroad. Trucks and airplanes are comparatively
 
inefficient. The railroads experienced (and continue to experience) a
 
steady decline in their percentage of intercity freight moved. This
 
decline is offset by increases in~truck, aircraft and pipeline traffic.
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Overall, freight traffic El declined during the decades 1950-1970,
 
due to the rail transition from coal (steam) to oil (diesel). But this
 
was a one-time gain and the overall El can be expected to rise if freight
 
traffic continues to shift to modes with higher (and growing) El's.
 
Figure 6.1.2-1 shows the 1970 intercity freight traffic and energy
 
distributions. The higher El's of airplanes and trucks are reflected in
 
the disproportionately high energy consumption compared to the amount
 
of freight moved.
 
6.2 TOTAL ENERGY USE IN TRANSPORTATION
 
The foregoing discussion of energy intensiveness provides a background
 
for understanding energy usage in transportation. Mutch has developed

data showing energy consumption by modes for total passenger and total
 
freight traffic for 1971. [Mutch-73] This data is displayed in Figure
 
6.2-1. The distribution of energy and traffic displayed in thisfigure is
 
consistent with the El trend developed by Hirst.
 
The total energy consumption in the transportation sector has shown
 
a continuous growth. Figure 6.2-2 displays this growth in consumption.
 
An increasing population, increasing travel per capita, and a shift to
 
more energy intensive modes have all contributed to an energy consumption
 
growth rate of 4-5% per annum since 1955. However, total energy consump­
tion nationally has grown at approximately a parallel pace with trans­
portation thereby accounting for a continuing near constant 25% of the
 
total. As shown in Figure 6.2-2, there has been an increase inthe percentage

of energy used for passenger transport and adecrease in freight and military
 
transport. Again, this -isan indication of the United States' selection of
 
modes with higher El characteristics.
 
Transportation has not only historically shifted to modes which are
 
more energy intensive, but the fuel mix has shifted to essentially all
 
petroleum (Figure 6.2-1). Over 95% of transportation energy needs come
 
from petroleum, which indicates how heavily our transportation system
 
relies on this energy source. Capabilities of shifting to other
 
energy sources are extremely limited. Any major shift to alternate fuels
 
will require massive investments and long periods of time. These problems

will be-discussed subsequently. Figure 6.2-3 and Figure 6.2-4 display
 
the total domestic transportation energy consumption by mode for passenger
 
and freight transportation for the years 1955-1971.
 
Table 6.2-1 compares modal energy use for 1,955 and 1971. [Mitch-73]
 
All modes except marine shipping and railroads show increased energy
 
consumption over the period. Automobiles were the biggest consumers of
 
energy in passenger transportation, while trucks were the major.consumer
 
of energy in freight transportation. These two modes are least amenable
 
to substitution of fuel sources under present technology.
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TABLE 6.2-1
 
SUMMARY OF MODAL ENERGY USE, 1955 and 1971 [Mutch-73]
 
Energy
 
1955 1971 -Consumption Change In
 
Modal Share Quads Modal Share (Z Increase Modal Share
 
Mode Quads oercent) BTU (uercent) or Dcrese) Percentage
 
DOMESTIC
 
Passenger
 
Automobile 4.19 44.6 8.65 48.2 106 
 3.6
 
Air .11 1.2 .85 4.8 681 3.6
 
Railroad .11 1.1 .02 0.1 (77) (1.0)
 
Marine 
 .02 0.2 .08 0.4 305 0.2
 
Other .10 1.1 .16 0.9 60 (0.2)
 
Total 4.53 48.1 9.77 54.4 116 6.3
 
Freight 
Trucking 1.66 17.7 3.45 19.2 107 1.5 
Air .02 0.2 .23 1.3 1010 1.1
 
Pipeline .63 6.7 1.59 8.9 152 2.2
 
(30) (5.0)
Railroad .74 7.9 .52 2.9 

Marine shipping .33 3.5 .34 1.9 5 (1.5)
 
Total 3.38 36.0 6.13 34.1 81 (1.9)
 
Military .57 6.1 .78 4.4 37 (1.7)
 
Total Domestic 8.48 90.2 16.68 92.9 1 97 2.7
 
INTERNATIONAL I 
Passenger-Air .02 0.2 .20 1.1 871 0.9
 
Air .01 0.1 .13 0.7 1073 0.6
 
Shipping .46 4.9 .28 - 1.5 (40) I (3.4)
 
Total .47 5.0 .41 2.2 (14 ) (2.6)
 
Military (total .43 4.6 .66 3.4 53 (1.2)
 
Total International ,92 9.8 1.26 7.1 38 (2.7)
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6.3. CONSERVATION STATUS
 
The transportation sector offers unequaled potentials for conservation.
 
While little potential exists, in the short and middle term, for substitution
 
of alternate fuels, much can be done to reduce demand and increase effi­
ciency of the system. The present conservation status and potential is
 
more understandable if the characteristics of the sector and the legal
 
environment in which itoperates is understood.
 
6.3.1. CONSERVATION BY SUBSTITUTION OF SCARCE RESOURCES.
 
The basic scarce resource intransportation is petroleum. Substitu­
tion of alternate fuels, with the exceptions of methanol, hydrogen, or
 
liquefaction and refining of coal, implies the demise of the internal
 
combustion engine. Research is underwayfor the development of these
 
fuels for internal combustion fuels. The development of improved battery
 
systems necessary for a practical electrical automobile is also in
 
progress. These alternatives are all practical only in the middl' to
 
long term.
 
6.3.2. CONSERVATION-BY REDUCED DEMAND.
 
Reduced demand offers some potential for energy conservation. But
 
the social and demographic development of this nation has occurred under
 
conditions offering relatively cheap transportation. Since dominant 
transportation activities occur in conjunction with economic activity,

reductions in demand are inextricably linked to levels of economic
 
activity and reductions in one may imply reductions in the other.
 
6.3.3. CONSERVATION BY IMPROVED EFFICIENCIES
 
The United States transportation system is characterized by excess
 
capacity. The most damning indication of this excess capacity is-perhaps
the load factor displayed by the various modes. The cost of this excess
 
capacity is reflected in many forms -- energy waste, excess capital cost,
 
as well as the direct cost to theconsumer in terms of high fares and
 
freight -rates.
 
.Regulatory policies have undoubtedly had major impact in creating

this excess capacity, as well as encouraging its poor utilization. For
 
example, each mode has certain-inherent advantages in various types of
 
traffic, and federal regulatory policy has obscured these to a great degree.

Barge, rail, and pipeline maintain an inherent cost advantage in,the long­
haul transportation of bulk commodities. Motor carriers maintain their
 
inherent advantage in smaller point-to-point-shipments with shorter distance
 
and speedier deliveries. The Interstate Commerce Commission (ICC) has
 
followed policies in setting up rate structures largely negating these
 
inherent advantages [Fellmeth-70,60]. Consequently, modal selection
 
is not optimized.
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A second shortcoming of regulatory policy has been the tacit encour­
agement.of poor utilization of capacity within modes. Examples of this
 
are manifold. Trucks are frequently denied the right to follow the
 
shortest or most efficient route, and backhauls are either not permitted
 
or have severe restrictions. Airline routes suffer from excess capacity
 
and are forced to resort to non-price competition. Examples of this
 
competition appear in the form of gourmet meals and other special services.
 
An obvious potential- for conservation, then, exists in the operation
 
of the transportation system without delving into equipment bhanges. A
 
thorough evaluation of the possible transportation regulatory policy
 
alternatives and their impacts on modal selection and operation is long
 
past due. Major improvements in energy utilization may well be realized
 
by strictly political action in the regulatory field.
 
A third obvious potential for conservation is in the efficiency of
 
the hardware used in the system. One only has to look at the percentage
 
of energy used in passenger transportation (Figure 6.2-2') and then look
 
at the portion of this energy devoted to the automobile (Figure 6.2-3)
 
to realize that the automobile is a prime target for energy conservation.
 
And what has been the trend in automobiles? Declining fuel mileage and
 
vehicle utilization have contributed to make the El of this mode one of
 
the worst of all the modes. Conservation actions which affect the energy
 
consumption of the automobile, as well as those actions which discourage
 
its use, must obviously be of a high priority;
 
The same sort of argument as made in the previous paragraph con­
cerning the automobile may well be made with the trucking industry in
 
freight movement. The trucking industry is a prime target for conserva­
tion actions in the area of hardware. Declining fuel mileage ismuch in
 
evidence in the-last decade, albeit load capacity increases have negated
 
to an extent these mileage losses. Higher powered engines may well
 
be an anachronism under the present lowered speed limits and could be
 
derated with a considerable vehicle mileage gain. [Smart-75]
 
6.4 GOVERNMENT ACTION STATUS
 
The Legislative and Executive branches of government have both put
 
forward numerous and conflicting proposals affecting energy conservation
 
in the transportation sector. The present agonies in the establishment of
 
a national energy policy reflect the way our government system functions.
 
The Executive is willIng to let price determine conservation action,
 
while Congress would rather rely on regulatory policy.
 
6.4.1 REGULATORY POLICY AND MODES
 
Regulatory policies for all modes are presently under review. Lowered
 
speed limits are the most visible policy change, but other changes, such as
 
revision of ICC rate-making procedures are also being considered. The
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rationalization of transportation rates to reflect modal advantages has
 
broad support. Proposals to de-regulate large segments of the trans­
portation industry are being considered. These changes in regulatory
 
policy are aimed primarily at modal selection optimization and utilization
 
of equipment.
 
6.4.2 REGULATORY POLICY AND HARDWARE
 
The Congress is considering (at the time of.this writing) a number of
 
proposals legislating minimum mileage performance standards for new cars
 
and trucks. Typical of this legislation is Senate Bill 1883, which would
 
subject a manufacturer to heavy penalties for failing to meet performance
 
standards. It is noteworthy that most propos'ed legislation is aimed at
 
achieving a specific performance and not prescriptive in the-method by which
 
these goals are achieved.
 
6.5 SELECTED CONSERVATION ACTIONS
 
In the rematnder of thts chapter, the discussion centers afout actions 
capable of achieving energy conservation in this sector. An attempt has 
been made to document the methodology-that was used i'n identifying and 
analyzing these actions. 
The transportation task group stated its goal as the
 
identification of a set of energy conservation measures
 
which merit consideration incarrying out a public
 
policy of energy conservation. These actions are
 
proposed within the general constraint of achieving
 
a long-range goal of a more effective and efficient
 
transportation system to serve this country's needs.
 
Consideration of their social pol tc&, , environmen­
tal, andeconomic impacts was integral to this analysis.
 
A data base was-established in order to evaluate present status
 
and the broad categories inwhich energy conservation could be achieved
 
were identified. These categories have been identified as improved
 
system efficiency;).substitution for scarce resources, and curtailment of
 
end use. Within each of these, sub-categories were established, and
 
specific actions within the sub-categories were identified. Table-6.5-1
 
lists the principal meaus of energy conservation and their sub-categories.
 
The number of specific actions that are possible in &ach category is
 
quite large. The ones which were addressed were identified in one of
 
two ways. A list of some 800 proposed energy,conservation measures was
 
obtained from the FEA. Those that pertained to the transportation sector
 
were extracted. This list was extended by adding those actions which had
 
been uncovered in the literature. The complete list of some 200 actions
 
isshown in Appendix F.3. This list was culled in three different ways;
 
these methods appear inthe Appendix on Transportation. The number of
 
specific actions which have been examined inmore detail is about 35.
 
Note that most of these actions are very specific.
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TABLE 6.5-1
 
CLASSIFICATION OF ENERGY CONSERVATION MEASURES IN
 
THE TRANSPORTATION SECTOR
 
I. Improve System Efficiency
 
A. System Operation Improvements in Efficiency
 
B. Technological Improvements in Efficiency
 
II. Substitution for Scarce Energy Resources
 
A. Electrification of Particular Modes-

B. Alternate Fuels
 
C. Use of Man Power
 
D. Recycle Transportation Products
 
III. Curtailment of End Use
 
A. Managed Population Growth Rate
 
B. Education of Citizenry
 
C. Alternatives to Personal Transportation
 
D. Improved Urban Planning
 
E. -Reduced Travel Incentives
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In narrowing the original list to this final set, three aspects of
 
the general problem emerged which are so important that these will be
 
briefly discussed before further examination of the specific actions.
 
These three aspects are:
 
The desirability of producing a scenario for the future
 
Actions for energy conservation versus implementation of these
 
actions
 
Regulatory policy as a means for implementation
 
A number of the actions, originally generated, seemed to be recommen­
dations for improvement of the transportation system, and not necessarily
 
steps toward energy conservation. Yet, the apparent goal of these actions
 
was a more effective transportation system and one that could be achieved
 
only over a long period of time, say 15 to 25 years. Discussion of this
 
group of actions brought out the concept that some long range goals need
 
to be specified. Actions to be taken in the short range, or mid-term, or those
 
initiated now must be consistent with the long-range objective. Presently,
 
the various modes seem to function almost independently of, or in conflict
 
with each other. Increasingly, the trend has been to use the more energy
 
intensive modes. (See Figure 6.1-1, 6.1-2) Furthermore, as shown in
 
Appendix F.6, our transportational energy needs are on a collision course
 
with the ability of our domestic oil companies to produce enough fuel to
 
supply this Sector.
 
Accordingly, a view toward the year 2000 shows the need for dramatic
 
shifts of transport to the inherently more efficient modes, for improvement
 
in efficiency of each type of transportation, and for changes in lifestyle
 
marked by some reduction in passenger transport, as well as freight movement.
 
Some reduction in passenger transport may occur through the use of
 
telecommunications technology, as it does provide a trade-off between
 
moving people and moving information. (Appendix F.5 presents a brief
 
elaboration of this futuristic possiblity.)
 
It appears that a more integrated transport system within all carriers
 
isneeded. This integration might be marked by the location and con­
struction of transport centers. At these focal points, an appropriate
 
interface between land, water and air transport could be available.
 
Thus, direct links could be established between the carriers, and between
 
these transportation centers and urban centers.
 
A possibility of increased separation between passenger and freight
 
modes may exist, and the development of separate transport centers for
 
each is desirable. To illustrate this group's view, consider only the
 
passenger portion of the sector. Present-day airport facilities may
 
represent Phase 1 of the proposed integrated transport system. High
 
speed rail service emanating from these centers, by-passing smaller towns,
 
and operating over a right-of-way separate from that of present rail
 
systems isenvisioned. Furthermore, intercity bus capability would be
 
an important ingredient to the centers, as well as computerized informational
 
systems available to the public. It seems evident that transportation
 
companies -- not merely carriers operating a single mode --would evolve.
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These centers could be equipped to provide efficient service
 
directly into urban areas, or possibly -to smaller, connecting centers,
 
from which either additonal mass transport systems, or personal

carriers could be used to reach an ultimate destination. Finally, an
 
implied feature is that the centers would provide rental services to the
 
public incorporating efficient, low-cost vehicles for travel to the
 
final destination.
 
The intent of the last few paragraphs was to illustrate the pressing

need for an integrated transport service that would more adequately serve
 
the needs of each segment of the public. If this becomes an overriding
 
goal, funding of these enormous projects must come from the public through
 
the government, much as the funding for all interstate highway development
 
has occurred.
 
The second aspect that became evident as the list of specific actions
 
was studied, was the common practice of linking the specific energy conser­
vation action with the implementation of that action. Yet. in many cases
 
there may be a multitude of methods to carry out the implementation.

Primarily, the specific actions have been addressed. Infact, once specific
 
actions have been selected, then systems analysis studies should be
 
conducted to examine the methods of implementation. While implementation
 
methods have not been adequately addressed inthis document, there is a
 
general category of these methods that must be discussed at this point.

This subject is that of regulation at all levels of government.
 
6.5.1 REGULATION
 
Regulation may be accomplished by two methods: (I)changes inpolicy

of present regulatory and administrative agencies, and (2)legislative

action. The framework for regulation of the transportation industry already

exists in the form of regulatory agencies at all levels of government.

Also, legislation, impacting all aspects of the transportation sector, is
 
presently before Congress. The thrust of regulation by the regulatory

agencies is in the proposed operation of transportation industry, while
 
legislation affects primarily the system hardware and the distribution and
 
costs of the fuels to run the sytem.
 
6.5.1.1 ADMINISTRATIVE REGULATION AND THE TRANSPORTATION INDUSTRY
 
Regulation by the various agencies has at various times been promotional,

protective, or restrictive. Regulation has never had as a goal the overall
 
efficiency of the modes or the integration of ransportation modes into
 
-an efficient transportation system. The present regulatory structure has
 
been slow to adopt policies which would encourage energy conservation.
 
[Fellmeth-70] Regulation will always provide a mixture of constraints
 
and incentives in all aspects of the transportation field and the extent
 
to which regulation promotes or thwarts energy conservation will change
 
over time. But the important point isthat regulation off6rs an excellent
 
prospect for implementing energy saving innovations.
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6.5.1.2 LEGISLATIVE REGULATION AND TRANSPORTATIONS LEGISLATION
 
Standards for performance of vehicles offer a major energy conser­
vation opportunity. Legislation affecting the price of fuel will be
 
complementary to standards of performance. The present impasse over oil
 
price deregulation is an unusual case where by no action at all, existing
 
legislation will lead to curtailment of use by market forces. Legislation
 
can basically attack the performance of the system hardware and the usage
 
of the hardware by energy costs.
 
6.5.2 ENERGY CONSERVATION ACTIONS
 
In considering the entire list of actiohs generated, itwas
 
recognized that itwould be impossible to consider every action in detail, in
 
the time available. An effort was made to select those actions which either
 
were being proposed by others as conservation measures, or those that
 
the group perceived to have potential for implementation. The initial
 
listing is not all inclusive; certainly, the final list of actions is not
 
complete. Obviously, other important actions could have been included.
 
A listing of the specific actions considered indetail is shown in
 
Table 6.5.2-1. Each of these has been studied with respect to energy
 
reduction potential and requiremdnts, and the individual results, are in
 
Appendix F.3.
 
Examples of these actions and results are shown inTable 6.5.2-2.
 
In compiling-this table, judgment and previously published reports have
 
been used to provide estimates of energy reduction potential and the
 
implementation requirements. Inmany cases, estimates were not.available,
 
either due to lack of time or insufficient information. Upon completion
 
of this section of the study, the transportation group further attempted
 
to evaluate"the various impacts of these actions, and discussion of
 
these methods is shown inthe next section.
 
6.5.3 ASSESSMENT OF ACTIONS
 
Thirty-four actions were chosen on the basis of the preliminary
 
filtering process and these are displayed in Table 6.5.2-1. Itwas
 
the task group's objective to b6 able to demonstrate (1)'a methodological
 
approach to arrive at logical and consistent conservation action
 
packages and (2)to be able to recommend a viable and supportable specific
 
set of actions. Even though time-did not permit complete development
 
of the approach illustrated, it appears to have merit. As to the sets of
 
conservation actions which sifted through our assessment process, it is
 
evident that much greater impact assessment effort is needed to be as­
sured that a viable set of actions has been selected. Discussion
 
here will be confined to a brief illustration of the assessment metho­
dology which was used. An elaboration of this, plus a full set of all
 
tables, iscontained inAppendix F.4.
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TABLE 6.5.2-1 . ENERGY CONSERVATION ACTIONS INTHE TRANSPORTATION SECTOR 
I. 	Improve System Efficiency
 
A. 	System Operations Improvement B. Technological Improvement
 
1. 	Use modes that are inherently more efficient 8. Use lighter weight autos
 
2. 	Shift from truck to rail 9. Design for prolonged life
 
3. 	Form carpools 10. Develop stratified charge engine
 
4. 	Shift passenger traffic from auto to bus 11. Investioate other improved-emgine designs
 
and/or rail Stirling cycles, gas turbines,
 
rotary engines, Rankine cycle
 
S. 	Use auto-train and/or railroad and engines
 
airport auto rental 12. Improve transmissions
 
6. 	Optimize air routes by eliminating short Better matched to engines
 
hauls, increasing load factors, and Elimination or improvement of
 
reducing-cruise speed automatic transmissions, or with
 
lock 	up
 
7. 	55 mph speed limit 13. Explore hydrid systems (flywheel, hydraulic
 
battery storage, etc.)
 
14. 	 Improve tires (radials)
 
15. 	 Study aerodynamic improvements
 
II. 	Substitution for Scarce Energy Resources
 
A. 	Electrification of Particular Modes B. Alternate Fuels
 
16. 	 Electric automobiles 18. Hydrogen
 
17. 	 Electrification of railroads and 19. Other fuels (methanol, liquified
 
urban buses methane, anronia, etc.)
 
C. 	Use of Manpower D. Recycle Transportation Products
 
20. 	 Promote a bikeway program 22. Reprocess wornout transportation vehicles
 
21. 	 Walk, rather than drive 23. Recycle lubrication oils
 
III. Curtailment of End Use
 
A. 	Managed Population Growth Rate B. Education of All Citizens
 
24. 	 Promote pJanned parenthood 26. Obtain support of groups like League 
of Women Voters 
25. 	 Reduce immigration into this country
 27. 	 Support public education programs
 
28. 	Obtain support of corporations to
 
provide employee incentives
 
C. 	Alternatives to Personal Transportation, D. Improved Urban Planning
 
29. 	Use telecommunications to eliminate 31. Develop and publicize local recreation
 
travel and entertainment possibilities
 
30. 	 Provide more delivery services of 32. Locate shopping centers within walking
 
purchased goods distance
 
33. 	 Ban parking in downtown areas
 
E. 	34. Reduced travel incentives
 
TABLE 6.5.2-2 ACTIONS TO CONSERVE ENERGY INTHE TRANSPORTATION
 
SECTOR: ENERGY REDUCTION POTENTIAL AND REQUIREMENTS
 
ACTION 
GROUP ACTION 
TIME TO 
IMPLEMENT 
ENERGY 
REDUCTION 
POTENTIAL 
IMPLEMENTATION REQUIREMENTS 
U s. MANPOWER MATERIALS ' 
I. Improve System 
A. System Operations
improvement 1 
2 
M -L 
N-M 
L 
M 
L 
S 
L 
S 
L 
S 
I 
3 N L S S S 
4 N-M M M M M 
5 M M M S M 
6 N -M M S S S 
B.Technoloqical
I!mprovement 
7 
8 
9 
N 
N 
N - M 
L 
L 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
10 N M S S S 
11 N - M M M S S 
12 N S S S S 
13 M M M S S 
14 N M S S S 
I. Substitution for Scarce 
Fnprpy Ra0nirrepq 
A. Electrification of 
Part- Mndp; 
15 
16 
17 
N 
N - L 
M L 
S 
L 
M 
S 
M 
NM 
S 
M 
S 
M 
M 
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The assessment methodology centers around three separate phases:*
 
Impact assessment
 
Decision making
 
Cross-evaluation
 
Institutional, socio-economic and environmental impacts were 
examined for the thirty-four actions. Each of the 34 actions was 
addressed by the members of the task group together, discussed rela­
tive to the various impacts and given a consensus ranking score. 
Consider the formationof carpools, Action I-A.3, shown inthe assess­
ment matrix for environmental impacts, Table 6.5.3-1. Itwas felt 
that carpools would tend to reduce the number of automobiles traveling, 
hence, it has a favorable impact on air pollution. So, itreceived 
a (+). Similarly, itwas felt that carpooling would reduce noise pollution 
and help to relieve traffic congestion . . . +'s were assigned. Carpooling 
was judged to have only a small effect on land use patterns, hence it 
received an SE. Definitions of all impacts are given in Appendix F.4. 
Once the impact matrices were complete, a numerical ranking score
 
was devised to depict the effect of each action ineach of the impact
 
areas and the conservation potential-requirements matrix. A rank score
 
on the basis of 0 to 10 was established for each action based on these
 
four broad criteria. These rank scores are recorded in the Decision
 
Matrix, Table 6.5.3-2, in the upper left hand corners of the)cells. The
 
transportation task~group chose to weight the four criteria as indicated
 
in the row labeled "Weighting Factor". Each ranking score was multiplied
 
by the criterion weighting factor to produce the number in the lower
 
right of each cell- These "weighted ranked" scores were added to produce

the total score column. B& choosing a cutoff score one can filter the
 
list and reduce its size. Consider, for illustrative purposes# all actions
 
with scores greater than 6.4, the mean of all 34 weighted total scores.
 
There are 20 actions which remain. Screening.these 20 actions
 
further for those which appear to be capable of being clearly implemented
 
in the near term 1975-1985, eleven actions -- 3, 7, 8, 10, 14, 15, 26,
 
27, 28, 33, 34 -- are identified and appear to be desirable.
 
Consider the following questions. Do these actions represent a
 
consistent set? Is it possible to attempt to implement all of these simul­
taneously, or is it possible that some of these actions, if implemented
 
simultaneously, would interfere with each other? Another question that
 
could be asked is, "Are there groups of these actions that might na­
turally go together in a reinforcing way? Could we have dropped unwittingly
 
some actions that should be retained with the eleven near term actions
 
simply because they might be synergistic in their interaction?"
 
*The following documents were helpful in arriving at this methodology:
 
[Coates-74J, [Heydinger-74], [Hill-70], [Krzyczkowski-75], and rvoorhees-74].
 
6-20 
TABLE 6.5.3-1 ACTIONS TO CONSERVE ENERGY
 
IN THE TRANSPORTATION SECTOR: ENVIRONMENTAL EFFECTS
 
Action Air Noise Traffic Land Use
 
Group Action Pollution Pollution Congestion Patterns
 
I-A 	 1 + + + LE 
2 + + + NE 
3 + + + SE 
4 + + + 	 SE 
5 + 	 + + SE 
.	 6 0 + - NE 
7 + + 0 NE 
I-B 8 + + + NE 
9 + 0 0 SE 
10- + 0 0 NE 
11 + 0 0 NE 
12 + 0 0 NE 
13 + + 0 NE 
14 + 0 NE 
15 + + 0 NE 
II-A 16 + + 	 0 SE 
17 + + 	 + SF 
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TABLE 6.5.3-1 (Con't) ACTIONS TO CONSERVE ENERGY
 
IN THE TRANSPORTATION SECTION: ENVIRONMENTAL EFFECTS
 
Action Air Noise Traffic Land Use 
Group Action Pollution Pollution Con estion Patterns 
II-B 18 + 0 0 SE 
19 + 0 0 NE 
II-C 20 + + + SE 
21 + + + SE 
II-D 22 0 0 0 NE 
23 0 0 0 NE-
III-A 24 + + + LE 
25 + + + SE 
IIT-B 26 + + + NE 
27 + + + NE 
28 + + + SE 
III-C 29 + + + LE 
30 + + + SE 
111-D 31 + + + SE 
32 + + + LE 
33 + + + SE 
III-E 34 + + + NE 
TABLE 6.5.3-2. DECISION MATRIX
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SOCIO- ENVIHON- TOTAL 
ACTIONS CONSERVATIONPOTENTIAL INSTITUTIONALIMPACTS ECONOMIC IMPACTS MENTAL IMPACTS WEIGHTED SCORE 
WEIGHTING 
FACTOR 0.4 
0 
0.1 0.3 0.2 
1 2.0 4 2.4 8 1.6 6.4 
2 a_3.2 .7 1.5 . - 6.2 
10 4.0 .3-2.10 1.2 8.0 
4 32 4 2112 6.2 
66 6.5 
6 
3.2 
65 
.. 5.6 
3. 
5.9 
7 
.7 .5 8 155, -2.4 0 7.5 
8______ __ 9 162 6.9 
9 1.5 2.4 5.4 
10 10 7.0 
12 61.1.8.0 4. 6.4 
12-" 101.8 .6 6.2 
13 7. 
14 7 2.1 .6 6.9 
15 .6 6. 
-3-____ -68 l28 64, 
16 1.2 5.8 
1 	 2 1.2 61.2 4.8 
1s .8 4.0 
19 5.2 
20 16.3 
20 2.8 10.5 1.0 6. 
21 28 .8 1.2.. 4 
22 2 5.4 
23 9428.1..2 5 4.6 .5.1 
24 3.6 .- 12 1.2 6.5 
25 7 2.8 -7 . 4. .8 6.1 
26 . 2 02 	 7. 
27 3.2 6.6 2.1 162 7.1 
8 	 2 72.1.3D 2.8 .8 >2.4 .2 7.2 
3. 	 7.146
"
32.4 37.0	 .8 
RANKING SCALE FOR THE ABOVE FOUR CRITERIA: 
1. CONSERVATION POTENTIAL: 	 0 - LOW POTENTIAL; 10 = HIGH POTENTIAL. 
2. 	 INSTITUTIONAL IMPACTS: g - GREAT IMPLEMENTATION AND INSTITUTIONAL DIFFICULTIES; 
10 - FEW DIFFICULTIES AND PROBLEMS. 
3. SOCIOECONOMIC IMPACTS: 	 0- UNDESIRABLE OUTCOME OR IMPACTS; 10 - DESIRABLE IMPACTS. 
4. ENVIRONMENTAL IMPACTS: 	 0 -UNDESIRABLE CONSEQUENCES; 1D-DESIRABLE CONSEQUENCES. 
DPOOR QAm 1 
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Inorder to gain some perspective on these kinds of questions the
 
Cross Evaluation MatrixTable 6.5.3-% was developed. All 34 actions were
 
compared with each other in terms of the four categories displayed in the
 
Table. The transportation task group completed the cross evaluation
 
matrix as a qroup with discussion and debate until a consensus was
 
reached. To illustrate how the cross evaluation matrix might be used to
 
further refine and analyze a set of actions, let us form a new cross
 
evaluation matrix, a subset of the eleven near term actions filtered
 
from the decision matrix Table 6.5.3-2.
 
These eleven actions are listed below and a reduced cross evalua­
tion matrix is presented inTable 6.5.3-4.
 
ActionNo.
 
3 Form carpools 
7 55 MPH speed limit 
8 Use lighter weight autos 
10 Stratified charge engine 
14 Improved tires 
15 Aerodynamic improvements 
26 Obtain support of League of Woman voters 
27 Support public education programs 
28 Obtain support of corporations to provide 
employee incentives 
33 Ban parking in downtown areas 
34 Reduce travel incentives 
A study of Table 6.5.3-4 indicates that most of these actions are either
 
complimentary or independent and could be introduced simultaneously with­
out producing adverse interactions relative to energy conservation. Five
 
cells, however, have (T's) indicating a possible trade-off relationship.
 
Actions 8,10, 14 and 15 all fall into the category'1Technologial Improve­
ment" which seeks to improve the technical efficiency of engines and
 
automobiles. Action 34 is a broad set which could be imposed to reduce
 
travel incentives or conversely to create travel disincentives. Fuel
 
price increase as a policy to reduce travel would be compromised by sub­
stantial technological efficency improvements which might have the effect
 
of encouraging more travel. Action 7 (55 MPH speed limit) renders less
 
useful action 15 (aerodynamic improvements). If a 55 MPH speed-limit
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TABLE 	6.5.3-3. CROSS EVALUATION MATRIX
 
CONSERVATION ACTIONS 
1 2 3 	4 5 6 7 8 910 11 13 1415 16 17 18 1920 2122232425262728293031 323334
 
SCCC CC T TTTT T C U U CC I I TTCCCUTI I CU
 
2 1I I U C I T TTTT I C U U II I II ICC T I Ill 
3T I I U I I T I I U I I ICCCIIIUCC 
I-A 4C C C U I TTTTTTT C U U I ill I C I TCC 
5 1 I\ Ic I I 1 I 11 I I I I C C I I I I I I C C I T I I I I T 
7 I C C CI 011 iI 1i C C
c 	 II 
u6 	 C CI UUI I I I I TI Tcx Cl10 	 I I I I I T T I I I I I I I I C C I II I I I
 
11 IN_ I_I I I I T T I I I I II I I I C C I T I I I I T 
-o 12 CII T T I I IICC I I I TT T .011 	 I\ I TI I,III1 1 1 1 1 11C lI T c 1 T 
_ I I I 11111 1 I TCI lIT 
<5 I I I I I I II T 
S1 T T TI I II I11 ITIIII 	 C 
o II-A 1 T TI I C CTI II CT 
18 	 TI- I ,I CCI TC ITT 
19I-B 	 11111 C I I ITT 
1 1 CC C C Cz20 _j1 
0 II-c 21 1 1 1 1 1 ClC CdC C CC C 
- 22 1 1 11I C CI I111II1I124I-
 I ' C 11 
I- 23 1 1 I C I I I I I I I 
III-A 	 25 
 I II 1 1
 
26 	 \jC C C C CC 
Ill-B 	27C CCCc
 
CCCC 
III-C-30 1TCC 
31 	 l\.Id. 
Ill-fl 	 32 - - - IN CIC. 
33 C 
III-E - -
C --	 TWO ACTIONS ARE DIRECTLY COMPLEMENTARY OR REINFORCING. 
T --	 TWO ACTIONS ARE TRADEOFF, CONFLICTING;BOTH ATTEMPTED SIMULTANEOUSLY 
MIGHT TEND TO BE COUNTER PRODUCTIVE. 
I --	 MUTUALLY EXCLUSIVE ACTIONS EACH CAN BE ACCOMPLISHED INDEPENDENTLY OF 
THE OTHER. 
U --	 ACTION RELATIONS UNCERTAIN, COULD BE (C) OR (T). IDENTIFIES AREAS OF POLICY CONFLICT. 
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TABLE 6.5.3-4 
REDUCED CROSS EVALUATION MATRIX 
FOR 
A SUBSET OF NEAR TERM ACTIONS 
WITH ABOVE AVERAGE RANKING SCORES 
ACTION 
ACTION 3 7 8 10 14 15 20 27 28 33-34 
3 I I I 1 I C C C C C 
7 C C I T C C C I I 
8 C C C C C I I T 
10 I I C C I I T 
14 I C C I I T 
15 C C I I T 
26 C C C C 
27 C C C 
28 C C 
33 C 
34 
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were to become a rigidly enforced law, itmight not pay to exert much
 
effort to streamline cars and trucks, since drag resistance is a function
 
of high speeds.
 
Looking at the full cross evaluation Table 6.5.3-3, and assuming
 
that action 33 (ban parking,in downtown areas) was to be implemented,
 
an examination of column 33 indicates that actions 1 and 4 should prob­
ably be seriously considered in addition to action 33. Ban of parking

in downtown areas would need to be accompanied by improvements inmass
 
urban transport so that people could shift to more efficient modes. Thus,
 
the results falling out of the sifting from the decision matrix, Table
 
6.5.3-2, might have to be modified in terms of insights gained from
 
study and analysis of the cross evaluation matrix.
 
All judgements made during the foregoing sifting process, stepping from
 
the impact matrices to the decision matrix to the cross evaluation matrix,
 
have been made by the four members of the transportation task force group.
 
These judgements have been made on the basis of limited personal data
 
bases acquired in the early weeks of this systems design project. There­
fore, the reader should look upon the results portrayed here as simply an
 
illustration of a method-which might be helpful in forming a consis­
tent package of conservation actions. The reader might wish to supply

his own rankings for some of the actions illustrated and elaborated upon in
 
Appendix F.4 and work hisway through the three step process to compare
 
his results with those presented here.
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CHAPTER 7. 	ENERGY CONSERVATION AND THE RESt DENTIAL AND 
COMMERCIAL SECTOR 
A detailed analysis of conservation actions relevant to the sector
 
leads one to the conclusion that the potential for savings isgreat. If
 
the nation is determined to curtail its dependence on oil imports, concer­
ted efforts must be made to achieve this potential. The task will not
 
be easy, however, since many of the actions require significant life style
 
changes that are difficult to accomplish. For example, turning back
 
thermostats at night, reducing lighting, and maintaining proper condition­
ing of appliancesare apparently easy tasks to achieve, but evidence indi­
cates otherwise. Even the retrofitting of homes is hindered by initial
 
costs, although the payback period is short. Also consumption patterns
 
are very unpredictable; families living in nearly identical homes may vary
 
radically in energy demands.
 
Furthermore, many of the conservation actions that are cited as
 
"instant" solutions to the energy crisis are those with only mid to
 
long term potential. Solar energy is one example; heat pumps is another.
 
There are ways of accomplishing very significant savings in the
 
residential/commercial sector. Three approaches are viable: adjusting
 
price structure, mandating actions, and educating consumers. Of these
 
three, the first two appear to be the most feasible. But they are not
 
without a price. Higher utility bills adversely affect the poor and the
 
elderly on fiked incomes. Likewise, strict mandatory measures can be
 
quite distasteful. But the effect of alternatives, such as voluntary
 
savings accomplished through education processes, isminimal in a nation
 
without a true conservation ethic. These conclusions were based on a
 
detailed assessment of five conservation actions selected by the task
 
group after an initial filtering process. The procedure also allowed
 
a display of the systems approach as a viable methodology in assessing
 
conservation actions. Application of the approach led to a set of
 
recommendations that the task group considers to merit further assess­
ment.
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7.1 INTRODUCTION
 
This section of the report is concerned specifically with the
 
efforts to conserve energy in the residential/commercial sectors.
 
For the purpose of the study, the residential and commercial sectors
 
are examined separately. In order to develop a residential and
 
commercial inventory and unit demand data, the group relied on Pro­
ject Independence data. [PI-74-5]
 
The objectives of the residential and commercial task group were
 
as follows:
 
Compile and analyze existing data relevant to energy conservation
 
in the residential/commercial sector.
 
Identify energy conservation actions particular to the sector
 
and according to the categories: reducing use, increasing
 
efficiency, and substituting for scarce energy resources.
 
Filter the actions through a conservation action evaluation
 
matrix in order to obtain a qualitative assessment of the
 
overall feasibility of the various actions in the time frame of
 
1975-1985.
 
Assess the impacts of specific conservation actions. Impacts
 
refer not only to social, political and environmental considera­
tions, but also to requirements (money, supplies, and manpower)
 
that would he needed to implement a specific action.
 
Develop and illustrate the methodology used in the above
 
assessment of impacts. The methodology would incorporate
 
the systems approach and serve as a viable tool for other
 
groups involved in the assessment of conservation actions.
 
Inorder to achieve the above objectives, three sub-task groups
 
were formed to investigate energy conservation by: (1)reducing consump­
tion, (2)increasing efficiency, and (3)substituting for scarce energy
 
resources. A systems diagram, shown inAppendix G" was developed for
 
each sub-task group objective. The schematic of the overall system dia­
gram for the Residential/Commercial sector is shown in Figure 7.1-1. Each
 
sub-task group proceeded by:
 
Compiling existing data relevant to sub-task group
 
Identifying conservation actions
 
Assessing feasibility of conservation actions using an
 
evaluation matrix
 
Assessing the impacts of specific conservation actions
 
utilizing cross-cut groups for input
 
7-3 
SPRESENT SITUATO 
IDENTIFY MEANS FOR CONSERVATION 
BY REDUCING CONSUMPTION 
IDENIFYEAN OR 
IDENTIFY MEANS FOR 
CONSERVATION IN THE 
RESIDENTIAL/COMMERCIAL 
SECTOR 
! I 
SIDENTIFY MEANS FOR CONSERVATION 
BY.INCREASING EFFICIENCY 
IDENTIFY MEANS FOR CONSERVATION 
BY SUBSTITUTION FOR SCARCE FUELS 
SASSESS IMPACTS I 
FIGURE 7.1-1
 
SCHEMATIC OF RES IDENTIAL/COMMERC IAL TASK GROUP SYSTEMS APPROACH 
7-4
 
7.2 CONSUMPTION STATUS
 
In 1970, the Continental United States consumed 15.3 quadrillion

BTU's (quads) of energy at point of use (including power plant losses,
 
in the residential and commercial sectors). Of this total 11.4 quads
 
(75%) were consumed inthe residential sector and 3.9 quads (25%) in
 
the commercial sector.
 
Figures 7.2-1 and 7.2-2 show 1970 energy demand by end use and is
 
based on: (1)the assumption that electricity ismeasured at the point of
 
entry to the building (3,413 BTU/kWh); and (2)the assumption that power
 
plant losses and-distribution losses are included inthe measurement. The
 
graphs clearly show the extent to which demand isunderstated using the point

of entry assumption. The assumption isappropriate for a demand analysis,
 
however, because itdoes not raise the issue of-power plant fuel or efficiency,
 
which properly belongs in a supply analysis. Two significant conclusions
 
obtained from Figure 7.2-1 are that (I)the residential market, with
 
75% of the energy demand at point of consumption, isthe dominant sector;
 
and (2)the space heating load isdominant in both sectors, with approxi­
mately 70% of the total energy used for that purpose. Table 7.2-1
 
compares residential and commercial consumption by listing the average
 
per-square-foot demand for selected end uses on a national basis.
 
Figure 7.2-3 shows that the four census regions have grossly different
 
fuel consumption patterns. This is a factor which clearly complicates
 
the problem of finding universal solutions to the energy crisis.
 
7.3 CONSERVATION STATUS
 
The potential for energy conservation inthe residential/commercial
 
sector has been studied by several groups.
 
A National Petroleum Council study [NPC-74-1] identifies the areas
 
that offer the greatest potential for near-term energy savings as measures
 
that deal with: (1)life-styles, (2)upgrading thermal performances, and
 
(3)heating, ventilating and air conditioning systems. Inregard to life­
styles, the study relates that the potential for energy savings in the.
 
residential market by conservation measures which require no investment
 
isextremely large. For example, actions that reduce the use of hot-water,
 
internal building temperatures, and water heater temperatures have a total
 
potential savings of nearly 19 percent of the energy consumed by the
 
residential sector in 1972. The potential and maximum assumed achievable
 
levels of savings for various conservation measures are shown inTable 7.3-1.
 
The maximum assumed achievable'conservation potential data are subjectively
 
derived based on cost, timing, public compliance and consumer education.
 
Consumer education is certainly considered to be one of the most important
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ENERGY USAGE COMPARISONSa
 
(Residential Versus Commercial) [PI-74-5, I]
 
Residential Commercial
 
Million Square Feet 75,600 21,610

3,375a
 Trillion BTU's 11,411 

BTU/Square Foot 150,900 156,200
 
BTU/Square Foot
 
By Selected End Use
 
Residential Commercial Commercial Residential
 
Total 150,900 156,200 1.03
 
Heat 107,800 102 1100 0.95
 
Air Conditioning b 10,000 13 400 1.34
 
Water 23,400. -5,00 0.21
 
Lighting 2,000 19,800 9.87
 
a. Excludes 510 million BTU's "unallocated."
 
b. For units which are air conditioned.
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TABLE 7.3-1 	 POTENTIAL ENERGY SAVINGS INTHE RESIDENTIAL
 
SECTOR (QUADRILLION BTU'S)
 
Modified from
 
Ford Report Technical Fix vs. Historical Growth
 
[Ford 74-50]
 
1985 2000
 
Residential energy use
 
in HG scenario 24 32
 
Potential Savings 	 Conservation Measures
 
Space ,heat 1.0 3.1 	 Insulation against heat loss
 
0.1 0.6 More efficient fossil fuel 	furnaces
 
1.8 3.4 Heat pumps instead of resistance heat
 
--- 0.3 Soldr heating
 
0.1 0.2 Electric igniters instead of pilot

lights
 
Air conditioning 0.6 0.9 	 Improved efficiency
 
0.3 0.6 Insulation again]st heat infiltration
 
Water heat 0.5 1.2 	 Fossil fuel or solar instead of
 
electric
 
0.1 0.2 Electric igniters
 
--- 0.2 More efficient heaters
 
Other 	 0.7 1.0
 
Total savings 5.2 11.7
 
Residential energy
 
use inTF scenario 19 20
 
Note: The residential sector's share of all energy processing losses are included in
 
these numbers,
 
Modified from National Petroleum Council Report [NPC-74-1,B]
 
Srns1 978 
Total Potemnia! t__aximu m 
Trillion 	 AssumedRank 	 Life-Style BTU'S Achievable 
1 Set Thermostat Back to 680 F (day) 993 745
 
3 Set Water Heoer Back to 126'F 405 203
 
7 Set Air Conditioner Thecmostat Up to 780 F 97 49
 
8 SetS Hour Thermostat Back to 60'F (night) 463 46
 
9 Reduce Bathing Water Consumption One-Third 252 25
 
10 Turn Off Pilots in Gas Furnacet 56 17
 
Total 	 2,266 1,09S 
insulation Storm Doors and Windows, Caulking 
2 Ceilinq Insulation 733' 357
 
4 WeathersirEpping and Caulking 325, 140.
 
6 Sloirn Doors and.Windows 
 128 14 
Total 	 1.186 571 
Hfating/Cooling 
5 Furnace Tune-up 662. 66
 
11 Air Conditioner Tune-up 97 13
 
Total 759 79
 
Grand Total 	 4.211 1.735 
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factors in attaining achievable levels in the residential sector. Also,
 
experience indicates that two strong motives for conserving energy are to
 
save money and reduce the prospects of future shortages. In regard to con­
sumer education, then, perhaps the key monetary message to consumers should
 
be the length of the payback period and actual dollar savings resulting from
 
the installation of energy conserving devices. This approach certainly buf­
fers high initial costs -- a deterrent inmany instances to implementation.
 
As in the residential sector, the National Petroleum Council study also
 
analyzed the potential for various conservation actions in the commercial
 
sector. These are listed in Table 7.3-2.
 
In the Ford Foundation Report [Ford-743, a "Technical Fix".scenario assumes
 
annual energy consumption increasing at an average rate of 1.9 percent per
 
year between now and the year 2000, (from 75 quads in 1973 to 124 quads in
 
2000). They contend that the energy budget can provide essentially the same
 
level of energy services, and levels of heating and cooling, manufacturing
 
output, etc. as their "Historical Growth" scenario if the hation adopts
 
specific energy saving technologies. Tables 7.3-1 and 7.3-2 list potential
 
savings in the residential/commercial sector. The Ford Report also states
 
that energy conservation in the residential/commercial sector is primarily a
 
function of building design and that this isan area where market forces do
 
not operate effectively. Builders have incentives to keep first costs
 
low and are resistant to investments in heat pumps, insulation, or solar
 
energy devices that would be economical over the life of the building.
 
Because the market for residential and commercial building does not operate
 
to encourage energy conservation, the Ford Report suggests that projected
 
energy savings are likely to be achieved by supplementing market forces
 
with the following policies:
 
Consumer education
 
Adjusting the energy price structure
 
Government actions to overcome institutional barriers to
 
technical innovations in the building industry
 
The Project Independence Report [PI-74] projects the U. S. primary en­
ergy consumption for the residential/commercial sector to grow from 24.8 quads
 
to 42.9 quads between the period 1972 to 1985 -- an overall growth rate of
 
4.3 percent per year.
 
The point of listing a few of the conservation measures of the various
 
scenarios is to emphasize that the residential/commercial sector represents
 
a strong potential for significant savings through conservation measures -­
both short and long term. The listing also points out that substantial
 
and relevant studies have been recently completed regarding various
 
conservation measures and their potential impacts.
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TABLE 7.3-2 	POTENTIAL ENERGY SAVINGS IN THE COMMERCIAL
 
SECTOR (QUADRILLION BTU'S)
 
Modified from
 
Ford Report Technical Fix vs. Historical Growth
 
[Ford-74-52J
 
1985 2000
 
Commercial energy use
 
in HG scenario 16 23
 
Potential Savings 	 Conservation Measures
 
0.6 1.7 Heat pumps instead of resistance
Space heat 

heat
 
0.1 1.3 Total energy systems
 
0.4 1.1 Insulation against heat loss
 
Air conditioning -- 0.2 Total energy systems
 
0.3 0.3 Insulation against heat loss
 
Other 	 0.3
 
Total savings 1.4 4.9
 
Commercial energy
 
use in FF scenario 15 18
 
Note: The commercial sector's share of all energy processing losses are included
 
in these numbers
 
Modified from National Petroleum Council Report [NPC-74-1,52]
 
Total Potential 	 Assumed Achievable 
Percent of 1972 Percent of 1972 
Rank by Total Commercial Toal Commercial 
Potential Yield Conservation Measure (OBTU) Sector (OSTU) Sector 
1. 	 Establish a 68 F maximum occupied temperature level in
 
apartments and hotel/motels and 65 "F n commercial esab
 
lishmevts. hospitals and nising homes exce,,e. 1084 9o 358 30 
2. 	 Establish a 5F night setback below day levels in apartments 
and 1OF forcommercial buildings oaing unocrupied hours. 
hospitals and nursig hormeeceppied. 518 57 .777 i.9 
3 	 Caulk and wealherutip around allwindows and between nuilding 
walls and window frames 	 591 4 9 089 .7 
4 	 Scheduled maintenance on equipment and systems. 587 4.9 088 .7 
5. 	 Insuiate ceiling, above or below roofs, using insulation having 
an equivalent "1" factor or 19 542 4.6 011 0 
6 	 Insulate sidewalls using insulation having an equivalent "R" 
factor of 1t. 513 43 010 0 
7. 	 Install sto. sash, or high efficiency glas. .493 4 1 .010 0 
levels a mnmum acetadte Ives where
 
S 'sa4" possible. 292 2.4 096 7
 8. 	 Reduce 
ighting to
fall 9. 	 Establish minimum ventilating air requirements for occupancy
 
periods and zero ventilation during unoccupied periodcs where
 
possible-	 159 13 024 2 
Use restricted flow shower heads (2 5 gallons per minute max­
.,pm) 097 B 015 1 
11. Establish a cooling comfort level of 78F if basic energy is 
niecassry 	 .096 8 .032 .2 
12. 	 Cease cooling of building at least one hour before termination 
of occupancy. 	 .086 7 .028 2 
13. 	 Use automatic shutoff faucets n lavatories. .064 5 010 0 
14. 	 Reduce waler distribution pressure to a maximum of 25 p si. .063 .5 009 .0 
5 
.15. 	 Reduce Temperature of general purpose hot water by 20 F 
0l20 F. minimum) except where dishwashers nrure otherwise. 059 5 .019 1 
10 
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It has been noted that energy conservation can be accomplished by:

(1)belt tightening -- reducing use, (2), leak plugging -- using energy more
 
efficiently, and (3)replacing -- substitution for scarce resources. The
 
majority of the actions discussed -inthe National Petroleum Council report
 
are short-term as "belt-tightening" measures that can be implemented in
 
the time frame -- present to 1985. Many of the measures that "plug leaks"
 
or increase efficiency will have major impacts in the mid-term range 1985­
2000 (heat pumps serve as an example). Substitution actions . solar
 
energy) are generally mid to long term considerations and in many cases
 
are heavily dependent on new technologies.
 
Conservation by substitution is controlled by the pressures causing
 
other types of conservation: (1)rising prices; and (2)unavailability of supply.
 
These two pressures have initiated both the substitution of cheaper fuels
 
(such as coal) and the investigation of abundant alternate fuel sources.
 
The sudden surge of public enthusiasm for solar energy is a result of both
 
the aforementioned pressures, with energy price increases making solar util­
ization ever more economically feasible.
 
In several areas of the country, the use of natural gas in newly con­
structed buildings, both residential and commercial, has been prohibited
 
due to insufficient supply. This has caused much of the new residential
 
housing to go "all-electric", a fuel substitution which is of dubious con­
servation value, depending on the generating plant source fuel. The short­
falls in natural gas supplies have also caused many interruptable commercial
 
customers (those who must-shut off their gas during peak demand periods) to
 
begin looking for substitutional fuels such as oil and coal. If oil is the
 
only substitution possible at present, this could, in turn, intensify the
 
oil supply and price problem.
 
In summary, current conservation actions center on both near term im­
provements -- largely voluntary --and longer term efforts -- requiring ex­
ploration of new modes and equipment for future use. The former measures
 
can be employed by the individual home owner and building management persons.
 
The latter generally involve technological improvements.
 
7.4 GOVERNMENT ACTION STATUS
 
There is government involvement related to energy consumption in the
 
residential and commercial sector at all levels -- federal, state and local'
 
7-12 
Government actions affecting energy consumption range from the imposition
 
of codes, ordinances and standards at the local and state level to federal
 
laws and policies that regulate energy use and provide incentives for a
 
particular mode-of use or allocate energy and material resources.
 
At the federal level, the executive and legislative branches have
 
proposed energy conservation actions which have direct or indirect impact
 
on the residential and commercial sector. InJanuary, 1975, the President
 
proposed an energy conservation strategy which included an increase in the
 
energy efficiency of major consumer products used inthe home. Inresponse,
 
Congress has initiated legislation aimed at reducing the energy consumption
 
of consumer products by the introduction of federal appliance labeling
 
standards (see Chapter 11). Inaddition, there have been other bills intro­
duced in both the Senate and House which are largely or wholly devoted to
 
energy conservation in the residential sector. Inmany cases the bills
 
provide for voluntary compliance with energy conservation goals, but tax
 
and depreciation incentives as well as mandatory compliance have been
 
considered and in some instances provided.
 
Federally-funded energy studies have also addressed energy conservation
 
in this sector. Examples are:
 
Energy Policy Project of the Ford Foundation
 
Project Independence
 
Westinghouse Energy Utilization Project
 
Federal agencies also administer programs designed to effect energy
 
conservation in the residential and commercial sector by providing infor­
mation, funding research, and publishing standards. Some of the federal
 
agencies actively involved in energy-related programs pertaining to the
 
residential and commercial sector are:
 
Department of Health, Education and Welfare (HEW)
 
Department of Housing and Urban Development (HUD)
 
Federal Housing Administration (FHA)
 
Federal Energy Administration (FEA)
 
General Services Administration (GSA)
 
National Bureau of Standards (NBS)
 
Energy Research and Development Administration (ERDA)
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Much of the effort of government in the area of energy is aimed at
 
informing the consumer of the opportunities and benefits of energy conserva­
tion. Some of the government agencies (e.g. FHA and NBS) also set construc­
tion and building standards that affect energy consumption. ERDA is primar­
ily concerned with research aimed at developing means of conserving energy.

Areas inwhich they are sponsoring research which affects the residential
 
and commercial sector are: advanced urban and architectural design, devel­
opment and demonstration of technology to improve efficiency of energy use
 
and alternate energy sources. In the latter area, ERDA and NASA are present­
ly implementing a nation-wide proof-of-concept experiment for solar heating

and cooling involving thousands of residential and commercial buildings. The
 
objective of this program is to develop and demonstrate solar heating systems

by 1978 and combined solar heating and cooling systems by 1980. Also, ERDA
 
is conducting a broad-based research program to investigate alternate fuel
 
possibilities such as photovoltaic, solar thermal, geothermal, etc. Congress­
ional support for programs concerning alternate fuels is demonstrated by the
 
large number of bills submitted dealing with this subject.
 
At the state level, both executive and legislative branches have proposed,
 
and inmany cases enacted, legislation aimed at reducing energy consumption in
 
the residential and commercial sector. State and local codes and standards
 
also affect energy consumption (e.g. lighting codes) but not always with en­
ergy conservation inmind. Inmany states, proposals which would encourage

installation of solar systems have been made. Tax incentives involving accel­
erated depreciation and tax exemption are the mechanisms being-used. At the
 
local level, city and county governments have recently been investigating
 
the Use of efiergy from trash incineration. Several municipalities are
 
presently producing both electric power and heat from trash. There are also
 
a number of state and local programs relating to appliance labeling. New
 
York City and Massachusetts have already established labeling requirements.
 
New Jersey, Florida and Minnesota are actively considering the establishment
 
ofsimilar statutes.
 
Specific examples of government actions at the federal, state and local
 
level aimed at energy conservation are given inAppendix G.1.4.
 
7.5 SELECTED CONSERVATION ACTIONS
 
As part of the systems approach used in achieving our objective, the
 
group developed a conservation action evaluation matrix for use in an initial
 
qualitative assessment of various conservation actions in the residential/

commercial area. Table 7.5.- shows the matrix with an overall feasibility

ranking of five actions selected by the group. Selection of the actions
 
was dependent on an initial filtering of over 150 actions relevant to the
 
sector through the evaluation matrix. (See Appendix G.2 for a listing of con­
servation actions considered, a descriptive listing Of filtered actions, and
 
a detailed description of the code used in selection of the actions.)
 
In general, a major consideration is that energy use in buildings is
 
essentially a factor of physical design, construction practices and occupant
 
TABLE 7.5-1. 

t 
CONSERVATION 
ACTION 
(Potential before 1985) < 
Reduce consumption and in-
crease efficiency of building 
and systems for Heating, 
Ventilating, and Air Condi-
tioning (Group Action) 
+H +M 
Reduce consumption and 
increase efficiencyof 
domestic hot water systems 
(Group Action) 
+L +H 
Install heat pumps in 100% of 
electrically heated single 
family residences built in the 
period 1975-85 
+M +M 
Use solar energy for space 
heating and cooling and hot 
water heating 
+M +H 
Mandate government standards +1 +M 

for lighting in all new and 

existing commercial structures 

(50-30-10 footcandles standard 

CONSERVATION ACTION EVALUATION MATRIX 

AVAILABILITY IIMPACTS
CT 	 M"H" 

< CD 0I= 
(=spe 
+M +M +M -L -L ? +L 4M 
+H +H +H -L +L 4M, 

+H +H +H +L +M -L +L 4L 

+H +H +I +L +M +M +L +L 

+H +H +H +L +L +L 4M 

LEGEND:
 
1I+"1favorable or positive= 

= unfavorable or negative 
= high or large 
"" = medium 
= small"L" low or 
= 	no effect
 
noefc
 
22iiCOMMENT
 
0 	Specific actions include thermo­
stat setting, HVAC maintenance,
 
adding insulation, storm windows,
 
caulking, improving HVAC equipment
 
efficiency
 
* Save 7.1 quads/yr if 100%
 
participation
 
* Most actions implemented in near
 
future
 
* Specific actions include lowering
 
thermostat, reduce consumption,
 
increase insulation
 
* Near term implementation
 
* Save about 1.5 quads/yr if all
 
actions implemented by all
 
consumers
 
* Would require extensive consumer
 
education
 
* 	Save about 1 quad/yr by 1985 
* 	Major implementation period in 
'85 to '95 time frame 
* Savings about 2-6 quads/yr by 2000
 
* Assumed governmental backing
 
continues
 
* Regional implementation is uneven
 
* Project Independence 
predicts total potential
 
savings of 50% or 0.65
 
quads/yr.
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needs and practices. Conservation then responds to the influence 
of the elements of each factor and the energy source. As a consequence, 
­
many specific actions are readily identifiable when we look at those aspects
of physical design which include the conditions of the site, the orientation 
and configuration of the building, and the planning of the interior space . In 
addition, the materials of.the building's skin and structure as well as the size,
location and character of the oppinqs in the skin must be considered. 
Actions in the area of needs and practices involve comfort standards,
 
design temperatures, ventilation requirements, lighting standards and
 
programs of operation and maintenance. Also included are consumer prac­
tices such as thermostat settings, children and pets, work schedules, kind
 
of activity, lighting, cooking and bathing.
 
In the actual filtering process, time frame was an important consider­
ation, and all actions were qualitatively assessed as to their potential in
 
the near time frame (1975-1985). One of the group's actions which-was selected
 
for an in-depth study -- use of solar energy Tor neating, cooling, and hot
 
water -- has low potential in the near time frame. Nevertheless, solar en­
ergy will become increasingly important as a new energy source in the mid to
 
long term and-thus was our justification for consideration. Likewise, the
 
selection of reduced lighting as a major consideration was based somewhat on
 
its great potential for immediate savings in the commercial sector.
 
For a comprehensive analysis of each action in terms of requirements,

potential savings in quads, and a detailed discussion of impacts, one should
 
refer to Appendix G. A brief summary of the actions is in the followina
 
Section 7.5.1.
 
7.5.1 UTILIZING-SOLAR ENERGY FOR HEATING AND COOLING
 
The abundant availability of solar energy has been recognized as having

great potential as a substitute for traditional fossil fuels for space

heating, cooling and hot water heating. Projected savings attributed to
 
solar energy based on varying levels of development are as follows:
 
1985: .4to 2.0 quads/year
 
2000: 1.7 to 6.2 quads/ year
 
The lower figures (.4 and 1.7) represent a gradual expansion, while
 
the higher figures (2:0 and 6.2) reflect maximum expansion possibilities.

[MEGASTAR-74] While the technology neces'sary to implement solar heating/
 
cooling is readily available and while public attitudes are favorably

disposed towards solar implementation, the economics of installing solar
 
systems as compared to conventional heating/cooling systems is the major

mitigating factor to its widespread application. The current lack of a
 
large market area to encourage the manufacture of solar components isalso
 
due to present, but rapidly changing, energy economics.
 
Technology
 
Solar technology has been successfully demonstrated through several
 
proof-of-concept experiments, and a small but rapidly growing solar energy

industry is me4rging. The federal government, having recognized the need-to
 
develop solar energy as an alternate source, is providing research and devel­
opment funding to assist in promoting solar energy and the related industrial
 
sector. Studies indicate [MEGASTAR-74, TERRASTAR-73, PI-74] that all necess­
ary requirements (technical knowledge, manpower, materials, dollars) to suc­
cessfully implement solar energy as an alternate fuel source are readily avail­
able.
 
Impacts
 
The implementation of solar energy systems will produce impacts of
 
significant magnitude in a variety of societal areas. Those related to the
 
building industry who will be affected include homeowners, building contract­
ors, financial institutions, insurers, architects, engineers, craftsmen,
 
unions, local,-state and national governmental agencies, and manufacturers
 
and suppliers of component systems.
 
The widespread use of solar collectors will create impacts on land-use
 
patterns and policies related thereto. These will include consideration for
 
such elements as siting, shading, orientation; air space rights and land­
scaping.
 
Architectural considerations will include concern for bsthetics when
 
incorporating solar collectors into the building envelope. Also, building
 
designers with solar expertise will be in greater demand than in the past.

Engineering design disciplines will be required to become familiar with solar
 
systems equipment and design requirements. Architects and engineers may re­
quire additional education in order to become familiar and qualified to de­
sign solar tystems.
 
Itwill be necessary to give consideration to natural environmental
 
hazards that may adversely affect the operation of solar systems. Phenom­
7-17 
ena such as hail, wind, blown dust and other particulate matter will
 
require consideration
 
Political impact analyses will include an investigation into-the role
 
federal, state and local governments could play in assisting the develop­
ment of a solar industry, assessing policies related to special interest
 
groups (oil companies, utilities, consumers, energy producing states) and
 
repercussions from legislative actions.
 
Social and psychological effects from implementing solar technology
 
which result in changes in lifestyles and affect health .and safety must
 
also be investigated.
 
Economic impacts must be viewed as they affect the manufacturer, design­
er, builder and cbnsumer of solar systems.
 
Overall, the successful implementation of solar energy technology
 
requires an assessment and understanding of the complexities reflected by
 
impacts and requirements associated with such an action.
 
7.5.2 	 REDUCING CONSUMPTION AND INCREASING EFFICIENCY OF BUILDINGS
 
AND SYSTEMS FOR HEATING, VENTILATING AND AIR CONDITIONING
 
Reducing consumption and increasing efficiency of buildings and systems
 
for heating, ventilating and air conditioning is an action with many parts.
 
Considering-a 1972 consumption of 16.7 quads [NPC-74] and projected growth
 
rates of 2.1% and 4.1% per year for residential and commercial energy,
 
approximately 40% of the primary energy consumed by the residential/commer­
cial sector can be saved. Potentially 7.1 quads per year can be conserved
 
by a selection of specific activities. Tables 7.3-1 and 7.3-2 list activi­
ties which can produce this saving.
 
Those portions of the action which are operational in nature and require
 
consumers to change their patterns can be instituted readily if consumers
 
understand them and are interested in participating. Little money, material
 
or manpower is-required to carry out the activities. It ispossible to
 
build the changes into the system at small cost and to hire servicemen for
 
maintenance if the consumer so desire§o.. .,-

The portions of the action which require physical design changes also
 
require moderate investment of money,.mateials Andamnnower.' Financial.in­
-centive 	is very useful in implementing the changes.l 

7-18 
Changes in the heating, ventilating and air conditioning systems entail
 
larger 	sums of money, materials and manpower. As costs increase, implementa­
tion becomes more difficult. Life cycle costing may help, especially if it
 
can be 	demonstrated that initial cost differential can be recovered in a
 
reasonable length of time. The concept of life cycle costing is one which
 
must be emphasized to the consumer and explained in terms of the financial
 
benefits to him in the long run. Initiation of an education program to in­
-form the consumer of these potential benefits should be given high national
 
.priority. The obvious benefits-of the action are seen in conservation of
 
resources. If such conservation is reflected in dollars, then money is
 
available for other desires. Conservation can supply peace of mind and re­
duce certain health dangers. It depends on substituting manpower for energy.
 
An example of aspecific energy conservation action which demonstrates
 
the concepts of life cycle costing and the potential for financial and
 
energy conservation benefits is the installation of heat pumps in
 
100% of the new single family dwelling units to be built in the period
 
1975 to 1985 and projected to have electric space conditioning. This
 
example also addresses the questions of consumer education and incentives
 
to install energy conserving equipment, as well as the impacts that would
 
result ifsuch an action were implemented.
 
The analysis of this action indicated that an energy savings of 0.4
 
quads could be realized by 1985 with relatively minor impacts. A discussion
 
of heat pump technology, the assumptions underlying the analysis, the
 
analysis, and a discussion of potential impacts are given inAppendix G.2.
 
7.5.3 	MANDATE GOVERNMENT STANDARDS FOR LIGHTING. INALL NEW AND-EXISTING
 
COMMERCIAL STRUCTURES (50-30-10 footcandle standard)
 
According to Project Independence [PI-74,169], lighting accounted for
 
about 10 percent of the total energy consumer in the household and commercial
 
sectors in 1972, or about 1.8 quads. Approximately 73 percent of the energy
 
used for lighting, or 1.3 quads, is consumed by the commercial portion. At
 
the present time, lighting is the major important government energy conserv­
ation measure in effect in the buildings sector. As a result, the Federal
 
Energy Management Program, of which "delamping" or reducing lighting levels
 
is a major action, saved an estimated 2.7 trillion BTU's or $760 million in
 
fuel costs in fiscal year 1974.
 
The total saving potential after the establishment of mandatory federal
 
standards, including federal monitoring and compliance mechanisms, would
 
save an estimated .65-1.4 quads per year by 1980 -- 90 percent of which
 
would be realized the first year.
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Requirements
 
An immediate beneficial effect would result from the observance of the
 
standard with only small capital requirements needed form the commercial
 
sector for implementation. However, an estimated $25 to $50 million per
 
year would be spent at the federal, state and local levels for administra­
tive and compliance costs. Manpower and material requirements within the
 
sector would be small.
 
Impacts
 
The action would require federal, state and local legislation or regu­
lation, and the 50-30-10 footcandle standard would become a condition attach­
ed to federal grants and mortgages. The policy would result insome reduct­
ion in sales by bulb and lighting equipment manufacturers --perhaps as much
 
as 15-25 percent. This, of course, would result in an employment decrease
 
for these manufacturers, but the decrease would be buffered overall by an in­
creased need for maintenance people to implement the program and for govern­
ment people to carry out enforcement.
 
Reduced night-lighting could cause a higher incidence of crime and
 
vandalism, resulting in increased expenditures for repair and increased
 
security personnel.
 
Changes would be required in the heating and cooling systems and prac­
tices. For example, one would have to consider that some all-electric build­
ings use lighting as a source of heat and that reduced lighting would impact
 
wet or dry heat of light systems.
 
One distinct advantage in reduced lighting would be the savings result­
ing from the subsequent reduced energy consumption due to the resulting
 
decreased demand for air conditioning.
 
Reduced lighting would probably have a significant effect on utility
 
load factors, especially in large metropolitan areas.
 
Designing new buildings to meet the 50-30-10 standard and to generally
 
save energy by reducing the lighting demands means,a consideration of a­
multitude of requirements and subsequent impacts. Many of these are dis­
cussed indetail inAppendix G.4, where an in-depth analysis of the
 
above is given,
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7.5.4 	REDUCED CONSUMPTION AND INCREASED EFFICIENCY OF RESIDENTIAL HOT
 
WATER SYSTEMS
 
In 1970, 1.7 quads, or approximately 4% of the total national energy
 
consumption, was used for hot water heating. Under the assumptions of no
 
major technological, price, or governmental policy change,'consumption is
 
projected to be 2.3 quads in 1985 [PI-Y l].. The-analyses and potentials
 
of five actions are presented in Appendix G75. They are to reduce hot water
 
usage by: (1)lowering the tub bath level by one inch (or equivalent for
 
shower) (2)use of cold water-.detergents (3)washer replacements in leaky
 
faucets (usually hot water), (4)reduce thermostat settings on hot water
 
heaters, and (5)'increased insulation of hot water heaters. The 1970.­
total potential for savings of all actions was greater than one quad with
 
a total per family saving of nearly fifty dollars per year. The potential
 
is projected to be nearly one and one-half quads in 1985.
 
Only action number 5, increased insulation, has a substantial material
 
requirement; it is approximately 30 square feet of 3 inches insulation/
 
hot water heater at an estimated cost of 5 dollars. With the estimated
 
saving of 12 dollars per year, this cost would be regained in 5 months. If
 
all family units (70 million in 1972 [PI-74,5]) insulated their hot water
 
storage tanks, the insulation requirements wduld be small compared to that
 
for new house construction (cf. Appendix G.5).
 
It is believed that ihe major obstacle to implementing the five actions
 
is public acceptance.- The one and one-half quad potential savings, at
 
a very small cost in manpower and other requirements, strongly warrants a
 
public education ptogram.
 
For the magnitude of benefits, the impacts are small. As noted above,
 
the material requirements would slightly increase the demand for insulation
 
in the housing market. Water tempefaturesof 140°F and the bactericidal
 
action of dish water detergents are adequate for removal of pathogenic
 
bacteria, if the dishes are not allowed to set before rinsing. For automatdc
 
dish washers, there is insufficient study to insure safety at lower temp­
eratures.
 
A detailed analysis of the five selected actions for reducing con­
sumption and increasing efficiency of residential hot water systems is
 
included in Appendix G.5.
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7.6 ASSESSMENTS
 
In the previous sections of this chapter,specific conservation actions
 
were identified, their requirements found, and the impacts discussed. Each
 
action was treated as if it was to be implemented alone, without regard
 
to any other proposed action. The purpose of this section is to analyze the
 
group of actions in the residential/commercial sector assuming simultaneous
 
implementation. The analysis of all actions at once allows identification
 
of possible areas of conflict between various actions, as well as possible
 
areas where actions reinforce one another.
 
The major constraint on cross-action assessment is that the actions
 
being considered must be implemented in the same general time frame.
 
However, it is possible to realize from this approach that those-actions in an
 
early time frame might help or hinder the implementation of an action
 
ina later time frame.
 
The cross-action assessment matrix shown in Table 7.6-1 lists the five
 
major conservation actions chosen for study by the residential/commercial
 
task group. The box at the intersection of columns and rows indicates
 
whether the two actions are
 
(C): complementary, independent, or reinforcing 
(T): in need of a trade-off, or mildly interfering 
(I): strongly interfering, or difficult to implement simultaneously 
(U): uncertain as to how they interact. 
As seen on the-matrix, no one of the actions iscomplementary with all four
 
of the other actions (read down and/or left from the "dot" box to see how
 
an action interacts with all the others).
 
Five of the possible double-action combinations appear to be comple­
mentary or they can be implemented independently. The "lighting standards in
 
commercial buildings" and "heat pump installation inresidences" actions are
 
an example of apparently unrelated actions. "Increasing building efficiency"

and "using solar enei'gy" are actions which would complement one another if
 
instigated concurrently.
 
An example of a trade-off interaction would implement "using
 
solar energy" and "heat pumps" together. The use ofsblarZassisted heat
 
pumps has been suggested by many and seems a viable combination of con­
servation measures. The "commercial lighting" and "reduce consumption in
 
buildings" actions were deemed'interfering because many commercial building
 
have a significantportion of their heating load supplied by the lighting.
 
Inconclusion, it should be noted that the assessment of actions should
 
not only be carried out at the sector level, but also at the overall economy

level. This will be the focus of Chapter 8, the integration of all sector
 
actions into an overall analysis.
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TABLE 7.6-1 	 RESIDENTIAL/COMMERCIAL SECTOR CROSS-ACTION ASSESSMENT
 
MATRIX
 
LEGEND:
 
"C"means the two actions complement each other
 
"T"means the actions need a tradeoff (minor interference)

"I"means the two actions interfere with each other
 
"U"means it is uncertain how the actions interact
 
Reduce consumption and increase 
efficiency of buildings and 
systems for HVAC 
(Group Action) 
0 
Reduce consumption and increase 
efficiency of domestic hot c 
water systems o 
(Group Action) 
Use solar energy for space 
heating and cooling and hot 
water heating C C 0 
Install heat pumps in 100% of 
electrically heated single 
family residences built in the* 
period 1975-85 
C U T o 
Mandate government standards i 
for lighting in all 
existin commercial 
new and 
structures I C T C 0 
(50-30-?0 footcandles standard) 
C 4- ~ U S_~ 
S5-4c4'r0 
0r COEU-t 0.,-c c 

o CE=-c, ­
0U M 
=cLWE- 4 -O 
0 o0w c0ec reoxt+oW 
N76-21694 
CHAPTERS. INPUT-OUTPUT ANALYSIS OF SOME SECTOR ACTIONS 
Selected conservation actions, discussed in depth in,Chapters 4.
 
through 7, are brought together in this chapter and assessed as a group.
 
Particular emphasis is devoted to identifying secondary or indirect impacts.

Preliminary results obtained from the ECASTAR energy input-output model
 
suggest that the impacts of energy conservation actions can be grossly
 
misrepresented if secondary impacts are not included in the assessment.
 
A methodology which stresses the importance of secondary and multiple

interactions permeates the underlying philosophy of this chapter.
 
8.1 INTRODUCTION
 
The ECASTAR group realized the necessity of viewing potential
 
conservation actions from at least two perspectives. The first perspective
 
was at the task group level. At this level the economy was dissected into
 
four principal areas; the energy industry, manufacturing, transportation,

and rdsidential/commercialsectors. This disaqgregation of the economy

afforded the group the opportunity to concentrate on the details, require­
ments, and feasibility of specific conservation proposals. At the task group

level hundreds of actions were examined and weighed as to their potential

importance and applicability. The task group organization permitted a
 
systematic screening for major actions. Representative actions were presented
 
by task group area in the ptevious four chapters.
 
The second perspective focused on, the aggregate economy. At this
 
level the group sought to assess more completely the probable impacts
 
that a conservation action or set of conservation actions would have on the
 
economic, social, and political environment. Impacts could only be partially

evaluated at the task group level. Actions undertaken in onesector were
 
likely to constrain or impinge upon actions undertaken in another
 
sector. By adopting a global perspective the compat-bility and effectiveness
 
of conservation actions (and the resulting probable perturbations to the
 
economy) could be displayed and assessed. Without this perspective it
 
was thought that any conclusions regarding the potential contribution of
 
an action would be premature.
 
Inthis chapter some of the major actions that were presented in the
 
sector chapters are analyzed further, from the total economy perspective.
 
At this level of analysis the focus shifts to an examination of conservation
 
policy as well as to the total effectiveness of conservation actions.
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A model was needed that both bridged the four sectors and permitted
 
aggregation of the sectors back to the integrated economic whole. Such
 
a requirement is formalized inthe input-output model. The ECASTAR group
 
constructed an input-outeut "model" to serve as a mode of analysis andto
 
provQide a structure Within Whch c nseryation policy could be evaluated. 
Specific in-depth analysis is a secondary emphasis of this chapter.
 
This consideration was partly dictated by constraints on time and manpower
 
available to the group. In this chapter the analysis of a few potential
 
actions is really of secondary interest. For, before an investigation
 
can get started, the methodological, and analytical underpinnings of the
 
investigation have to be firmly charted. This chapter describes one such
 
approach to the assessment of 6ctions.
 
8.2 THE ECASTAR ENERGY INPUT-OUTPUT MODEL
 
The ECASTAR energy input-output model consists of thirty sectors.
 
Represented in this group of thirty are five energy producing sectors,.
 
fifteen manufacturing industries, two residential and commercial sectors,
 
and eight service industries. The list of sectors isgiven in Table 8.2-1.
 
As input-output models go, the ECASTAR model is quite modest. The
 
U. S. Department of Commerce, for example, has constructed a 378 sector
 
representation of the economy. Whereas- a large model permits the display
 
of considerable detail, Its size makes it cumbersome when the focus of
 
attention is policy analysis. The ECASTAR model' is large enough to permit
 
the tracing of major impacts and interindustry repercussions and yet is
 
small enough to-be manageable and amenable as a tool suitable for various
 
policy simulations.
 
Input-output analysis is inherently a static analysis. However,
 
conservation actions are likely to be felt over a period of time, suggesting
 
that the impacts of the actions will operate'on the dynamics of the system.
 
The ECASTAR group designed their model so-that itwas-capable of being used
 
in an.iterative procedure. For example, the first phase would be identifying
 
and measuring the direct impacts on the structure of the model (economy)
 
resulting from the enactment of a policy or conservation action. The
 
second phase wouldbe the feed-back of these direct impacts into the model,
 
a sort of response adjustment, to determine the scope and magnitude of the
 
indirect impacts. It is these ihdirect impacts which are very important
 
and often overlooked. Time and other constraints made it impossible for
 
the ECASTAR group to explore, in depth, the iterative process. However,
 
the group recommends that this approach be thoroughly investigated. A
 
modest sized 1-0 model would be best suited for the analysis of the dynamics
 
of the system. -Ina large system one can easily become overwhelmed with
 
too much detail and too many spurious relationships. Examination of an
 
action in the context of a modest sized, manageable model facilitates the
 
use of a more complex model for detailed investigations.
 
TABLE 8.2-1 

Group 

1 

2 

'3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 
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INDUSTRY GROUPS CONTAINED IN THE ECASTAR INPUT-OUTPUT MODEL
 
Group Title
 
Livestock, agricultural products, forestry products and
 
related services (SIC 01-09)

Iron, nonferrous mining (SIC 10)
 
Coal mining (SIC 11-12)

Crude petroleum and natural gas (SIC 13)
 
Stone, clay mining; chemicals and fertilizer mineral
 
mining (SIC 14)

New construction, maintenance and repair construction
 
(SIC 15-16)
 
Ordnance and accessories (SIC 17,1%)
 
Food and kindred products, tobacco manufactures (SIC 20-21)

Textiles, apparel, textile-products (SIC 22-23)
 
Lumber, wood products, furniture (SIC 24-25)

Paper and allied products (SIC 26-27)
 
Chemicals and allied products (SIC 28)
 
Petroleum refining and related industries (SIC 29)

Rubber, leather products (SIC 30-31)

Glass, glass products, stone and clay products
 
Primary Metals (SIC 33)

Metal container, fabricated metal products (SIC 34)
 
Machinery (SIC 35)
 
Household appliances (SIC 363)

Electric lighting and wiring equipment (SIC 364)
 
Miscellaneous electrical machinery (SIC 36)

Motor vehicles and other transportation equipment (SIC 37)

Miscellaneous manufacturing (SIC 38-39)
 
Transportation and warehousing (SIC 40-47) -

Communications, except radio and TV (SIC 48)

Electric utilities (SIC 491)
 
Gas utilities (SIC 492)
 
Water and sanitary services (SIC 494)
 
Wholesale and retail trade (SIC 50-52)
 
Other~services, government enterprises (SIC 60-80)
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The ECASTAR 1-0 model was constructed by aggregating the interindustry
 
transactions contained in the U; S. Department of Commerce 1967 input-output
 
table [SCB-74]. The Department of Commerce input-output model is presented
 
in Appendix H and categories of aggregation are discussed. All dollar values
 
reported will be in terms of 1967 dollars unless otherwise indicated. Direct
 
energy use values were obtained from [CAC-75]. From this data energy
 
transactions matrices were computed. Labor statistics were obtained from the
 
Bureau of Labor Statistics Bulletin No. 1831. A discussion of how the dollar
 
transaction matrix was converted to a labor or energy transactions matrix
 
is reserved for Appendix C-

The ECASTAR model is capable of tracing the impacts of an action in
 
three dimensions: dollars, BTU's of energy, and labor employment. Other
 
dimensions of analysis, social and political for example, are not easily
 
integrated into the 1-0 structure. An analysis of impacts in these
 
dimensions must be handled through different modes. Table 8.2-2 presents
 
the value of output, value of final demand, direct energy transacted, and
 
labor employed in each of the 30 groups in 1967.
 
8.3 THE BASE CASE
 
The actions investigated in this chapter will be evaluated in two
 
contexts. 'The first will be relative to 1967. The second will be relative
 
to a base case--the BLS projections of the structure of the U. S. economy
 
in 1985[BLS-75]. The aim is to present the positive,and negative aspectsof
 
energy conservation. The BLS projections mirror historical growth. The
 
advantage of the BLS report is that it contains projected final demands for
 
each industry group.
 
The general assumptions underlying the BLS projections are:
 
An unemployment rate of approximately 4% and an annual
 
rate of 3% in the GNP price deflator.
 
The institutional framework of the economy will not be greatly altered.
 
Expenditures diverted to solving air--and water pollution, waste
 
disposal, urban congestion etc. will not have more than a marginal
 
effect on overall economic growth.
 
The U. S. energy supply-demand balance will follow the projections
 
contained in " U. S. Energy Through the Year 2000". fDupree-72] which
 
implies a continued reliance on imported oil.
 
TABLE 8.2-2 LEVELS OF OUTPUT, ENERGY,
 
AND EMPLOYMENT - BASE CASE, 1967
 
Group BTU's Directly 
Purchased 
x10 15 
1 1.107 
2 .111 
3 .033 
4 1.805 
5 .214 
6 1.291 
7 .074 
8 .943 
9 .359 
10 .231 
11 1.242 
12 2.902 
13 2.931 
14 .217 
15 1.232 
16 4.427 
17 .031-
18 .370 
19 -042 
20 .027 
21 .109 
22 .355 
23 .785 
24 3.053 
25 .029 
26 11.382 
27 18.501 
28 .098 
29 2.525 
30 2.929 
TABLE 8.2-2
 
Final 

Demand
$ xlO 

9.301 

.255 

.618 

.028 

.240 

85.584 

6.925 

70.970 

22.094 

7.251 

8.624 

13.992 

12.870 

7.090 

1.161 

2.447 

4.658 

35.293 

3.956 

.965 

16.441 

49.545 

11.900 

20.653 

10.094 

7.065 

3.991 

1.546 

120.815 

250.207 

Total Total 
Output$ x1O EmployentxO 
63.793 4178 
3.384 81 
3.163 147 
15.031 297 
31382 124 
103.280 3985 
10.731 317 
97.391 1912 
47.484 2384 
21.392 1145 
44.882 1824 
47.102 1003 
26.975 183 
19.139 872 
14.827 634 
52.593 1351 
37.677 1386 
65.124 2448 
5.450 175 
4.118 202 
28.634 1167 
73.544 1954 
20.327 906 
52.823 2838 
19.328 852 
18.604 446 
- 13.432 163 
3.116 46 
163;365 16153 
428.994 17101 
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Thus the BLS projections were made before the "oil embargo" and

"energy crisis." Needless to say,the projections are being revised.
 
Nonetheless, the BLS projections serve well to characterize historical
 
growth. Revised estimates of the U. S. economy in 1980 and 1984 recently
 
published by [Chase-751 provide the opportunity for estimating the impact
 
on energy use and thus the need for conservation resulting from changing
 
patterns of final demand. The energy sectors explicitly contained in the
 
1-0 model are coal, crude petroleum and natural gas, refined petroleum,

electric utilities, and gas utilities. Other sources of energy such as
 
nuclear, solar, and geothermal are not explicitly contained inthe model.
 
Considering a time horizon of 1985, this omission may not be crucial.
 
Nevertheless, energy shortfalls uncovered by use of this 1-0 model should
 
be evaluated in the context that some additional supplies were not included'.
 
Projected output levels and final demands for 1980 and 1985 ar­
presented in Table 8.3-1. The energy requirements for 1980 and 1985,

assuming this historical growth, are summarized in Table 8.3-2.
 
The case for conservation can be seen clearly on Figure 8.3-1. The
 
bottom lines refer to 1985 projected energy demand. The solid lines refer
 
to projected energy supplies. The dashed area indicates the projected

shortfall. Conservation is aimed at mitigating the size of the shortfall.
 
8.4 ACTIONS
 
Four actions were selected from Chapters 4-7 to demonstrate the applicability
 
of the I-O'model in assessing impacts of conservation actions. Unfortunately,
 
time and budget limitations.prevented the ECASTAR group from analyzing all
 
the major actions contained in Chapters 4-7. Another set of actions which
 
have been linked with proposed legislation is discussed in Chapter 9 of this
 
report.
 
The four actions considered in this chapter are:
 
A 30% increase in fuel efficiency applied to the chemicals and
 
refined petroleum groups.
 
A 40% reduction in fuel used inthe transportation and warehousing
 
group.
 
Manufacturing of smaller automobiles using 25% less steel and rubber
 
A communications/transportation tradeoff.
 
These acti6n W&e applied both to 1967 -lvelsof output and to 1985
 
projected levels.
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TABLE 8.3-1 BUREAU OF LABOR STATISTICS PROJECTED 
FINAL DEMAND IN 1980 AND 1985(1963 DOLLARS) 
Group 1,980 ($ x10 9) 
198 
$ X10) 
1 14.530 16.237 
2 .353 .459 
3 .943 1.050 
4 .049 .046 
5 .417 .520 
6 125.305 148.419 
7 7.013 8.336 
8 93.093 104.441 
9 33.643 37.977 
10 11.791 13.321 
11 14.825 17.597 
12 32.582 40.515 
13 22.453 26.805 
14 11.583 13.598 
15 1.813 2.084 
16 4.804 5.821 
17 6.784 7.942 
18 61.957 76.874 
19 8.502 10.306 
20 1.937 2.369 
21 30.409 37.151 
22 91.657 104.347 
23 21.469 26.499 
24 36.787 43.814 
25 25.858 33.921 
26 19.741 23.879 
27 7.939 9.394 
28 1.819 1.847 
29. 194.870 226.800 
30 301.524 344.517 
TABLE 8.3-2. ENERGY REQUIREMENTS FOR 1980 AND 1985 
BASE CASE 
(quadrillion BTU's) 
Coal Refined Petroleum Natural gas 
1967 Base 14.8 26.1 18.45 
1980 
1985 
24.6 
29.0 
34.9 
49.0 
39.9 
44.0 
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COAL 
REFINED 

PETROLEUM 

NATURAL 

GAS 

1967 ACTUAL 14. 8Q 
1985 ESTIMATED 21Q 
SUPPLY 
1985 ESTIMATED I[ iil 29Q 
DEMANDII111 1 I 
1967 ACTUAL 26. 1Q 
1985 ESTIMATED 35Q
 
SUPPLY
 
1985 ESTIMATED 44(IIIDEMAND IIIIIIII
 
1967 ACTUAL 18. 45Q 
1985 ESTIMATED 28Q
 
SUPPLY I
flTNIWIIII[
1985 ESTIMATED F OVDEMAND IMATE CAS 
FIGURE 8.3-1. THE CASE FOR CONSERVATION 
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8.4.1 INDUSTRIAL FUEL EFFICIENCY
 
Using advanced technology itwas suggested that by 1985 fuel efficiencies
 
can be increased by 30% inthe chemical and petroleum refining industries(see

Chapter 5). The impact on total BTU's purchased will be 30% times the propor­
tion of transacted energy going for combustion purposes. A rough, conservative
 
estimate for the chemicals and refining sectors is70%[CAC-74]. Thus, the
 
direct impact on total BTU's will be a decrease of approximately 20%. Table
 
8.4.1-1 presents a comparison of the direct impacts that a 20% reduction in
 
fuel use would have in1967, 1980, and 1985.
 
Ifthese reductions were achieved with no change inoutput there would
 
be no major identifiable indirect impacts. As a result of these lower
 
energy requirements, the amount available to other sectors would increase.
 
In1967 this would amount to nearly 1 quad--or 5%'of total industry use.
 
The use of advanced technology means that the transacted BTU per dollar
 
output value would be lowered. From Table 8.2-2 we note that a majority

of the output produced by the chemical and petroleum refining sectors is
 
sold as inputs to other industries--not directly to final markets. Thus,
 
the increased efficiencies obtained inthese two sectors are distributed
 
throughout the interindustry structure. An increase inthe final demand for
 
a product which has a large amount of imbedded chemical product input implies
 
that the overall product efficiency will increase, if the energy imbedded
 
inthe inputs is "charged" to the output sector (see Appendix E). Through
 
this accounting scheme, the combined impact of A change in final demand and
 
the increased fuel efficiency can be assessed. Final demand, not total
 
output, drives the demand side of the system. Total output isof interest
 
primarily when actual output isless than estimated total output. To put

it another waytknowing that the BTU per dollar of chemical output has
 
declined isof little value until you know where and how much of it ends
 
up inother industries. A change of the energy accounting scheme helps

identify energy flows, and particularly those that are "targets of conservatior 
potential." The structure and composition of final demand are quite important

when impacts of engineering actions are evaluated. An extreme example would
 
be a process which cuts energy consumption by a large percentage.- Ifthis
 
industry has a small, static level of final demand, the process improvement
 
.- marginal impact.
may not make even a 

8.4.2 REDUCTION INFREIGHT FUEL REQUIREMENTS
 
A 40% reduction inthe transportation and warehousing group, which
 
includes railroads, motor freight, air transjqrt, and water transport,
 
would imply savings of.l.l x 1015, 1.74 x 10 , 2.06 x 1015
 
BTU's in1967, 1980, and 1985 respectively. For given prices of fuels, a
 
40% reduction of fuel use has the added impact of moderating the cost of
 
transpott and hence -ultimately the cost of-final goods and services. 
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TABLE 8.4.1-1.
 
DIRECT FUEL SAVINGS BROUGHT ABOUT BY A 30% INCREASE IN FUEL EFFICIENCY
 
(Quadrillion BTU's)
 
1980a 1985
a
 
1967 

Chemical and Allied Products .60 1.12 1.46
 
Petroleum Refining .35 .56 .69
 
a. Relative to the base case projections [Dupree-723.
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Since prices cannot be explicitly estimated from the 1-0 model, some
 
potential impacts can only be suggested. Iffuel use in transportation
 
decreases, what happens to transport prices? Would there by any
 
shift to rail and water transport? There are many indirect impacts to
 
examine if any substitution is involved.
 
8.4.3 ALTERED AUTOMOBILE REQUIREMENTS
 
In 1967 the automobile sector produced total output valued at 73.5
 
billion(1967) dollars. In producing that output the industry required
 
over 6 billion dollars of input from the primary metals industry and over
 
1 billion dollars of input from the rubber and allied products sector.
 
A 25% reduction insteel and rubber required by the transportation manu­
facturing industry would result in a 3% decline in output from primary
 
metals and a 1.5% decline in output from rubber and allig products.
 
The direct energy impact would be a reduction of .3 x 10' BTU's.
 
These reductions imply a reduction in employment of 40,000 in primary
 
metals and 13,000 in the rubber industry. Note that these numbers are rough
 
estimates only.- The level of aggregation used in the ECASTAR model does
 
not permit a refinement in the estimates--one would have to utilize a larger
 
I-0 model.
 
A reduction in output of this magnitude causes subsidiary impacts in
 
the economy. What happens to final demand as a result of a shift away from
 
heavier cars? Suppose the value of transportation output stays constant.
 
Then the reduction in steel and rubber implies decreases inthe final demands
 
for all sectors included in the model. The cumulative effect of the reductions
 
in primary metals and rubber amount to .8%of 1967 GNP. This reduction would
 
be accompanied with a decrease of over 400,000 intotal employment. The
 
new levels of final demand imply new levels of output. This iterative
 
process would continue until all the indirect effects were included. If
 
the trend to smaller automobiles was accompanied with decreased sales and
 
less auto production, the cumulative effect on GNP would be quite substantial.
 
So important are these sectors that actions adversely affecting their output
 
could quickly throw the economy into a substantial recession. The recent
 
slump in the auto industry provides a perspective on how interdependent
 
industries are in this economy.
 
The auto example shows the possibility of many-potentially important
 
indirect impacts. For example, if primary metals production
 
is down and workers are laid off, what subsidiary impacts are likely to
 
play havoc with the pattern of final demand? Sales of durable consumption
 
items usually do not fare too well in sluggish times, nor do auto sales. If
 
smaller cars are priced on a level with larger cars such that sales do not
 
increase, the accumulation of inventories (excess supply) impacts on the
 
production cycle. A 20% decline in auto sales will reimpact on primary
 
metal production, this time with more force, as well as on all other sectors.
 
Itwould be a mistake to peg economic growth solely with energy growth.

While the two are casually related, there is no fixed relationship governing
 
GNP growth. A recession brought about by adopting questionable actions in
 
the name of conservation would be an extremely myopic and costly strategy.
 
8--2
 
8.4.4 ALTERNATIVE GROWTH ASSUMPTIONS
 
The direct impacts of the actions which were just highlighted are
 
presented in Tables 8.4.4-1 and 8.4.472 for 1967 and 1985 respectively.
 
Some care should be used in interpreting the entries in these tables due
 
to the level of aggregation employed. The 1985 numbers reflect the historical
 
growth assumption. The energy sectors were not included in these tables so
 
that attention could be focused on non-energy industry impacts. The effect
 
of substitution from gas to coal and from oil to coal is explored inChapter
 
9.
 
The energy savings in 1.967 amounted to a little more than 2.5 quads.
 
This would have been accomplished with a reduction of employment of a little
 
over 600,000. In 1985, the projected energy savings was over 4 quads at
 
an employment cost of over 1 million. 'Ifindirect effects were also accounted
 
for,the total effects would have indicated more energy saved with more unem­
ployment.
 
Ithas been stated that the objective of investment and growth is
 
to keep the real GNP growing--not to reapportion shares in a constantly
 
decreasing GNP [Simon-75]. Conservation aimed at increasing efficiency
 
may have primarily beneficial direct impacts. Conservation achieved through

changing the structure of demand(including substitution of energy sources
 
and reducing demand)may well alter the size and distribution of the GNP.
 
Itwas argued earlier inAppendix E 'that policy Which impinges on production

of.output-and the composition of final demaid needs to be care-fL-1y scrutinized
 
for hidden and indirect, but nevertheless major, impacts.,
 
That a changing structure of final demand impacts on energy use can
 
be demonstrated-by comparing the energy required to satisfy the level of
 
demand forecasted for 1980 by Chase Econometrics with tfibt level of demand
 
assumed in the historical growth c'ase for 1980. This comparison is presented
 
in Table 8.4.4-3.
 
8.4.5 COMMUNICATION - TRANSPORTATION TRADE OFF
 
The possibility of conserving energy by substituting communications
 
for transportation was discussed in Appendix F.5. What would happen to
 
employment and BTU use if 1 billion dollars were shifted from the transportatii
 
and warehouse sector to the communications sector? Most of the substitution

would originate in industry. The transportation-warehouse group, number 24,
 
included travel for business purposes.. No other category, except possibly

wholesale/retail trade, number 29, appeared to be directly impacted by the
 
substitution.
 
Direct addition k energy use in the communications' sector would
 
increase by 1.0 xJO . BTU's. Energy'saved in sector 24 would be approx­
imately 60.5 x 10 BTU's, or a 60 fold savings: A one billion dollar
 
increase for communications would imply an additional 44,000 jobs. A
 
one billion dollar decrease-in transportation would imply a loss of close
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TABLE 8.4.4-1 
COMPARISON OF BTU AND LABOR REQUIREMENTS 
WITH AND WITHOUT CONSERVATION ACTIONS-
DIRECT CHANGES 
1967 
Sectora BTU's BTU's Labor Labor 
No Conservaion 
xlO 
,Conservation 
..xlOl5 
No Conservition 
xlO 
Conservation 
x10 
1 1.10 "1.08 4178 4124 
2 .11 .10 81 87 
5 .21 .19 124 114 
6- 1.29 1.26 3985 3904 
7 .07 .06 317 283 
8 .94 .92 1912 1879 
9 .36 .35 2384 2324 
10 .23 .22 1145 1118 
11 1.24 1.08 1824 1757 
12 2.90 2.35 1003 903 
14 .22 .21 872 846 
15 1.23 1.06 634 588 
16 4.43 4.05 1351 1240 
17 .31 .30 1386 1366 
1"8 .36 .35 2448 2370 
19 .04 .04 175 173 
20 .03 .02 202 189 
21 .11 .O 1167 1160 
22 .36 .32 1954 1771 
23 .78 .76 906 878 
24 3.05 2.07 2838 1925 
25 .02 .02' 852 811 
28 .09 .09 46 44 
29 2.52 2.48 16336 15875 
:a. Energy sectors excluded to emphasize indirect impacts. 
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TABLE 8.4.4-2
 
COMPARISON OF BTU AND LABOR REQUIREMENTS
 
WITH AND WITHOUT CONSERVATION ACTIONS
 
DIRECT CHANGES
 
1985
 
Sectora BTU's BTU's Labor Labor
 
No Conservation Conservation No Conservition Conservation
 
xlO 15 x10 15 
 x10 x10
 
1 1.70 1.66 6445 6302
 
2 .21 .20 151 149
 
5 .41 .38 237 224
 
6 2.18 2.16 6734 6716
 
7 .07 .06 318 318 
8 1.38 1.33 2806 2710
 
9 .62 .60 4103 4087
 
10 .41 .40 2050 2026
 
11 2.16 1.91 3169 2813
 
12 6.42 5.86 2208 2014
 
14 .41 .40 1657 1629
 
15 2.02 1.80 1039 926
 
16 8.73 7.84 2666 2393
 
17 .58 .57 2584 2545
 
18 .77 .76 4104 4080
 
19 .10 .TO 428 427 
20 .05 .05 391 390
 
21 .23 .22 2443 2437
 
22 .69 .69 3818 3806
 
23 1.63 .1.61 1860 1852
 
24 5.66 5.09 4803 4746
 
25 .05 .04 1750 1699
 
28 .14 .13 65 64
 
29 4.63 4.49 29598 28975
 
a. Energy sectors excluded to emphasize indirect impacts.
 
TABLE 8.4.4-3
 
ESTIMATES OF ENERGY
 
DEMAND FOR 1980 BY SOURCE FOR HISTORICAL GROWTH
 
AND REVISED GROWTH SCENARIOS
 
(Quadrillion BTU's)
 
Coal Refined Petroleum Natural Gas Total
 
listorical growth 24.6 34.9 39.9 99.4
 
;hase estimates 25.4 30.2 30.4 86.0
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to 54,000 jobs. The indirect effects would center on communication
 
equipment manufacturing, fabricated metals, chemicals and allied products,
 
transportation manufacturing, primary metals,- petroleum refining, and stone,
 
clay, and glass products. The indirect effect on the final demand for
 
manufactured trucks and automobiles is a decline of nearly 25 million
 
dollars; the indirect effect on wholesale and retail trade is a
 
decline of 85 million. These effects together amount to a decline of over
 
10% of the initial output change. These indirect negative impacts are not
 
offset by, positive impacts accrued by increasing output in the communications
 
sector.
 
The picture becomes more omplicated if the structure of retail and
 
wholesale trade isgreatly altered. For this type of trade off to make
 
an imprint a change infinal demand far greater than 1 billion dollars is
 
required. At higher levels the inputs needed by an expanding communications
 
industry may well be the bottlenecks. The input-output model can be used
 
to simulate alternative magnitudes of trade offs--which would yield measure­
ment of the indirect requirements. Growth inthe communications sector
 
has a different implication than does growthin the transportation
 
sector. These changes would need to be examined closely. This is but one
 
example which suggests that conservation can be achieved by altering the
 
sector shares of GNP thus altering the cdmposi-tion, not the size, of the economic
 
pie. It is not clear that effecting a redistribution permits one to keep
 
the same sized pie. The communications/transportation trade-off suggests
 
that, primarily because of indirect effects, the pie would shrink, i.e. GNP
 
would decline.
 
8.5 SUMMARY
 
The conservation actions which were just discussed could not be analyzed
 
inthe depth that the ECASTAR group desired. The time limitation dictated
 
that only a few examples could be displayed. Even for these, all of the impacts,
 
direct and indirect, could not be examined. While detailed estimates of these
 
impacts would be useful, it is perhaps just as important to realize that there
 
are indirect impacts to consider. A complete assessment strategy should look
 
for indirect impacts and include them inthe assessment.
 
The input-output structure can be used to both identify impacts and to
 
estimate their magnitude. The following strategy issuggested from the
 
examples inthis chapter:
 
Given-a vector of final demands, solve the I-0 model for
 
required output levels.
 
Solving for output requirements allows one to uncover
 
potential bottlenecks in supply. For example, if the
 
solution to the model had as a requirement that water
 
utilities were to grow by over 100% in five years, the
 
desirability of the solution would be tempered by the
 
unlikely output requirement from water. Other final
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demand vectors, eacho.reflecting an assumption(s) about
 
growth in the economy, could be imposed on the model.
 
The sensitivity of the required output levels could be
 
studied through these simulations.
 
Pick a set of possible conservation actions which can fit into
 
the structure of the 1-0 model.
 
These actions which change the direct requirements' matrix should 
be addressed one at a time so that their partial effectiveness 
can be determined. Afterwards, the set as a whole can be analyzed 
by the model. 
Some actions do not change the dollar direct requirements'

matrix but will change the BTU direct requirements' matrix.
 
Increasing fuel efficiencies through combustion improvenents,
 
for example, should alter only the BTU direct requirements'

matrix or the vector of BTU's per unit of output. Other
 
actions, for example, building automobiles with less steel,
 
change all the direct requirements' matrices.
 
If any requirements' matrix is changed, the system should be
 
resolved for total output. If the vector of total outputs
 
changes, then indirect impacts can be investigated by using the
 
changed total output vector to solve for the new impTied level
 
of final demand.
 
The sum of the final demand vector is.estimated GNP. This
 
implied level should be compared to earlier projections. For
 
each iteration total required energy should be displayed along

withtotal implied employment and GNP.
 
The model can be used to study the effect on energy demand of
 
sectors having different growth rates. For example, given

assumptions about population and GNP growth, what is the ideal
 
growth rate for the transportation sector?
 
The idea here is that if one sector is growing too fast,
 
or in spurts, and is involved in large indirect
 
interdependencies with other sectors, fiscal and/or
 
monetary policy may be brought in to mitigate the mag­
nitude and duration of the potential swings. Growth is
 
linked to final demand and energy required to satisfy that
 
final demand. Refer to Appendix E for a discussion of
 
energy Cost and final demand.
 
The model can be used to identify links in the input chain where
 
product substitution may be recommended. The substitution of
 
aluminum for steel may or may not be warranted. The energy

direct requirements' matrix should be carefully screened. In
 
terms of BTU's per dollar of output, lumber is six times less
 
energy intensive (direct requirements) than certain plastics.
 
ShoQid lumber and wood products be substituted for plastics

instead of the historical trend of plastic substitution?
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CHAPTER 9. NATIONAL ENERGY CONSERVATION 
This chapter analyzes a set of energy,conservation actions that
 
cut across all sectors of the economy.. The purpose of analyzing such
 
a set of actions is to illustrate the methodology of the Design Group,
 
i.e., that all actions under consideration must be analyzed systematically
 
and as a whole. In this manner, total impacts can be assessed.
 
The actions considered were as follows: (1)roll back the price
 
of newly discovered oil; (2)freeze gasoline production for 3 years at 1972
 
levels; (3)mandate automobile mileage improvements; (4)require industry
 
to improve energy efficiency; (5)require manufacture of household appl-i­
ances with greater efficiency; (6)force conversion of many power plants
 
from gas and oil to coal. The results, based on the Input-Output analysis
 
technique, showed that considerable gas and oil would be saved by forcing
 
switches to coal. However, the large scale switch to coal was shown to
 
require greatly increased outputs from many other industries. These outputs
 
(called indirect requirements) in turn required more energy. Lt was esti­
mated that-nearly 2.5 quads of additional coal were needed to produce these
 
indirect requirements.
 
Also, the indirect requirements created more jobs. If the
 
switch to coal use is the only action considered, the increase in
 
projected employment is quite large. If the switch to coal is assessed
 
in conjunction with steps( 2 ) - (5), the indirect requirements and
 
consequently increased employment are significantly less. This illustrates
 
the Group's philosophy that the impacts of energy conservation can be
 
unexpected and large. Consequently, all actions must be carefully
 
analyzed before they are implemented.
 
9.1 INTRODUCTION
 
Many believe that economic growth is closely associated with
 
rising energy inputs from fossil fuels. Considering the fact that
 
these inputs are ultimately limited by eventual exhaustion and, perhaps
 
more importantly, that they are unequally distributed should have warn­
ed us as a nation to proceed cautiously-in using fossil fuels to stim­
ulate economic growth. Perhaps, the Arabs did us a good turn without
 
quite intending to. The fact is, they forced us to think about in­
creasing fossil fuel consumption and the attendant rising cost of energy
 
now, when there is time to do something about it. -Without this
 
crisis we might have floated happily along on an illusory tide of cheap
 
energy until it.was too late to do anything about it.
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The plan of action up to this point has been to reduce our depen­
dence on foreign oil as much and as soon as possible. However, the
 
strategies for accomplishing these goals are widely divergent. On
 
the one hand, the oil industry and the President are favoring decon­
trolling the price of oil. In fact, the oil industry suggests that
 
further price regulation (as opposed to decontrol of prices) will result
 
in a decline in exploration and development due to problems with financ­
ing.
 
For example, William Slick, Jr., in his testimony before the Senate
 
Committee on Finance on July 16, 1975 stated that the most critical
 
factor in the area of developing resources is "the ability of the domestic
 
energy producers ingeneral and petroleum companies in particular to
 
Senerate adequate capital to finance the very large development costs."
 
Slick-75]
 
On the other hand, many people feel that the results of decontrol­
ling the price of domestic old oil will be disastrous for the country
 
as a whole. Two separate analyses showing the predicted results of
 
allowing the decontrol of the price of domestic old oil as compared
 
to a case assuming existing controls (prior to August 31, 1975) are
 
presented inTable 9.1-1.
 
The differences in the analyses, according to the supporters of the
 
second analysis which was based on a Data Resources Incorporated model,
 
are largely the result of the assumptions made inAnalysis 1:
 
No OPEC price increase on the cost of imported oil;
 
Little or no increase in the price of coal or natural gas as
 
a result of domestic crude oil price increases;
 
Enactment of a windfall profits tax -- one that has not 
been spelled out; and
 
Rebate to consumers to offset adverse effects of decontrol.
 
The capital required for rebates will be produced by windfall
 
profits tax.
 
Many proposals for controlling oil prices have been voiced in
 
opposition to decontrol. However, any serious consideration of price
 
control must be accompanied by some measures to counteract the obvious
 
result -- decreasing prices would naturally lead to increased demand.
 
A list of the types of actions that might be proposed to combat
 
this natural increase in consumption resulting from reduced prices
 
(Action 1) follbws:
 
Action 1
 
Establish price ceilings of between $7.50 and $8.50
 
per barrel for all classifications of domestic oil pro­
duction over the next 4 or 5 years. In the fourth year,
 
ceilings would begin to increase at a rate of 8 percent
 
per year.
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TABLE 9.1-1. ANALYSES OF DECONTROL OF DOMESTIC OLD OIL
 
1975:4 1975:2 1976:4 1977:2 1977:4 
Consumer Price Index % 
Analysis 1 +0.08 
Analysis 2 +0.18 
+0.18 
+0.46 
+0.35 
+0.90 
+0.57 
+1.47 
NS. 
+2.06 
Wholesale Price Index % 
Analysis 1 +0.03 
Analysis 2 +0.74 
+0.46 
+1.73 
+0.97 
+3.09 
+1.53 
+4.61 
N.S. 
+6.13 
Real GNP (billions $ '58) 
Analysis 1 -0.2 
Analysis 2 -0.6 
-0.5 
-2.6 
-2.2 
-8.3 
-4.7 
-17.1 
N.S. 
-26.0 
Number of Unemployed (thousands) 
Analysis 1 0 
Analysis 2 0 +100 
0 
+200 
0 +100 
+500 
N.S 
+800 
Housing Starts (thousands units) 
Analysis 1 -1 -15 
Analysis 2 -4 -51 
-53 
-177 
-89 
-273 
N.S 
-268 
Automobile Sales (thousands units) 
Analysis 1 0 
Analysis 2 0 -100 
0 -100 
-400 
-200 
-800 
N.S. 
-1000 
N.S. -- Not submitted 
9-4 
Action 2
 
Restrict gasoline demand to 1973-74 levels for the next
 
three years.
 
Action 3
 
Impose mandatory fuel efficiency requirements on new
 
automobiles as follows:
 
Model Year MPG
 
1978 18.5
 
1979 19.5
 
1980 20.5
 
1985 28.0
 
Action 4
 
Establish energy efficiency improvement targets for the
 
2000 largest industrial consumers as follows:
 
Date Improvement (compared to 1972)
 
Jan. 1, 1978 15%
 
Jan. 1, 1981 20%
 
Action 5
 
Develop regulatory programs to make appliances and
 
other consumer products more efficient, through mandatory

testing, labeling, and possibly through the application of
 
energy efficiency performance standards.
 
Action 6
 
Establish programs to make better use of coal, such- as:
 
Guaranteed loan program to assist small coal operators

in opening new underground low sulphur mines;
 
Encourage switchover from petroleum to'coal;
 
Prohibit use of petroleum products in some cases-

The systems approach can be a valuable tool with which to assess
 
such a list of actidns (Figure 9.1-1). In fact, the major emphasis
 
of this program has been the application of the systems approach and
 
technology-assessment to the study of large problems -- in this case
 
conservation. Because of the interest in displaying the methodology
 
for studying interactions within and between the various sectors of the
 
economy, this set of actions is an appropriate example with which to work.
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TABLE 9.1-2. ANALYSIS OF PROPOSED SET OF ACTIONS 
(Based on DRI Model) 
1975:4 1976:2 1976:4 1977:2 1977:4 
Consumer Price 
Index % -0.19 -0.39 -0.54 -0.62 -0.62 
Wholesale Price 
Index % -0.77 -1.47 -1.65 -1.65 -1.58 
Real GNP 
(billions $ '58) +0.6 +2.2 +5.0 +7.9 +8.9 
Number of Unemployed 
(thousands) 0 -100 -100 -200 -300 
Housing Starts 
(thousands units) +8 +41 +78 +83 +28 
Auto Sales 
(thousands units) 0 +100 +200 +300 +300 
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9.2 DISCUSSION OF ACTIONS
 
This section will discuss each action in the list individually
 
with respect to requirements for implementation, obstacles to implementa­
tion, and possible benefits. Section 9.3 will consider the set of
 
actions taken together.
 
9.2.1 OIL PRICING PROPOSAL --ACTION 1
 
This action is to immediately lower the price of current uncontrol­
led domestic "new" oil from $11.28 to an average of $7.50 per barrel, and
 
over a period of time raise the price of controlled domestic "old"
 
oil from $5.25 to $7.50 a barrel. Certain high recovery cost oils
 
would be priced at an average $8.50 a barrel. Inaddition, an inflation
 
and adjustment factor is included (see Figure I.1-1). Essential to
 
the proposal is the satisfaction of two criteria:
 
To increase domestic production
 
To reduce the price of energy to the consumer
 
9.2.1.1 PRESENT AND PROJECTED PRODUCTION
 
In July 1975 domestic production was approximately 66% or 5.6 million
 
barrels a day "old" oil and 33% or 2.8 million barrels a day "new" oil.
 
Interpolating F.E.A. projections to 1985 [PI-74-2] shows production
 
based on $7.50 a barrel increasing to 12.3 million barrels a day (under
 
assumptions of policy ineffect prior to 1973 except for price controls).
 
At $8.50 a barrel the production will be-13.1 million barrels a day by
 
1985 (see Table .I-1-1). Forecasts by the National Petroleum Council and
 
ten others range from 9.2 million to 15.5 million barrels a day by
 
1985 (see Table 1.1-2). As much as 42% of the production could be
 
from high production cost areas.
 
9.2.1.2 JUSTIFICATION
 
Lowering the price of oil is not an energy conservation action. It
 
does not encourage or require conservation, nor does it encourage or
 
require substitution of less scarce fuels. It must be accompanied by
 
counter-active measures, i.e., forcing use of coal, restricting gasoline
 
consumption, to avoid excessive use of oil because of lower prices.
 
The intent of lower prices is to encourage cash flow, employment and
 
investment opportunities as reflected in the consumer price index,
 
the wholesale price index and gross national product. Itmust be
 
remembered that the combined domestic oil price today isonly $7.70 a
 
barrel and that for a short time the cost of energy will be reduced.
 
The immediate decrease of about 4 cents a gallon in the combined price
 
of domestic oil will be erased in 6 years because of the planned increase
 
in oil price. Oil producers will have a basis for planning in the pre­
determined rate of price adjustment. If oil imports do not increase,
 
____ 
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The analysis presented in this chapter is an attempt to show interested
 
persons how the systems approach should be applied to such a set of
 
actions before it is introduced. In other words, before suggesting that
 
such a set of actions be passed into law, an attempt should be made to
 
identify and assess as many of the requirements of, alternatives to, and
 
impacts of these actions as possible. The systems approach is a tool
 
for accomplishing such an assessment.
 
The procedure for applying the systems analysis technique has been
 
discussed inSections 3.1 and 3.2. However, we might point out some of
 
the steps in the procedure. One of the first duties of the group is to
 
establish a set of constraints and criteria which the objective must
 
satisfy.
 
The set of actions listed above are some of the requirements that
 
could be envisioned as necessary to satisfy the objective, which is to
 
provide a conservation program consistent with oil price control that
 
will satisfy a list of constraints and criteria that must be identified-

A partial listing of constraints and criteria applicable to this objective
 
and its requirements might include:
 
Restoration of a healthy economy with full employment, reduced
 
inflation and increased output and productivity in a short period
 
of time;
 
Prevention of steep increases in the price of all energy and
 
the pervasive economic adversities which such increases surely
 
would entail;
 
Management of energy supply in the near term so as to reduce
 
import dependence steadily and surely, consistent with rapid
 
economic recovery, while providing standby protections against
 
sudden supply curtailments;
 
Improvement of our balance of payments and achievement of
 
national energy sufficiency in a timely and reliable way.
 
At this point each of the actions needs to be examined in detail -­
establishing the requirements and impacts of each. Then, the group of
 
actions should be assessed "intote" since many of the impacts may not
 
be obvious if the action is assessed in isolation.
 
Table 9.1-2 shows an analysis of this set of actions versus the
 
current-controls (prior to August 31, 1975) provided by Data Resources
 
Incorporated. This data can be compared with that resulting from de­
control as presented inTable 9.1-1.
 
The fact that the data presented by the DRI analysis of this set of
 
actions is favorable isencouraging. However, the group felt the additional
 
study, perferably inthe form of a systems approach, is needed in order
 
to identify and assess the impact of these acttons. A description and
 
preliminary assessment of each of the actions is provided in Section 9.2.
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this country's export goods may enjoy a price advantage for some time
 
in the world market. This would be an advantage also in the balance of
 
payments.
 
9.2.1.3 REQUIREMENTS
 
By 1985, the price of domestic oil will be in the neighborhood of
 
$11 a barrel if 40% of production is high recovery cost oil, according
 
to the action. Inorder to achieve projections of production by 1985 at
 
$11 a barrel, FEA projects a requirement of $6390 million. In addition,
 
there will be needed 131,696 rigmen, 5453 seismic crews, 3831 rigs, 656
 
platforms and 4,003,200 tons of steel (see Tables 1.1-3 through 1.1-6).

In addition to the direct requirements for oil production, other areas
 
affected are power requirements, refinery capacities, distribution
 
systems, land and water use, manufacturing facilities, ecological

balances, and lifestyles. [MEGASTAR-74] Besides the necessary money,
 
manpower and materials to provide the production, implementation is
 
dependent on how oil price changes affect price and demand for other
 
fuels such as coal. It is also dependent on whether the price encourages
 
exploration and production. The public must be convinced of the economic
 
value of the action and be shown it is the best of the alternative actions.
 
9.2.2 RESTRICTION OF GASOLINE USE --ACTION 2
 
During the period of the embargo in 1973 which was imposed on us
 
by the OPEC countries, there was a short supply of most petroleum pro­
ducts. As a consequence, Congress passed the Emergency Petroleum
 
Allocation Act in an attempt to ensure that all regions of the country
 
were dealt with in an equitable manner by the oil industry. Allocation
 
agencies, or state energy boards had authority to implement these
 
regulations. The EPAA expiration date is August 31, 1975, so these
 
agencies are still in existence even though the embargo has been lifted,
 
and there are presently adequate supplies of fuel..
 
Because fuels are readily available, gasoline consumption is again

increasing. This consumption would be heightened further ifoil is
 
regulated at lower prices, as Section 9.2.1. suggests. To prevent

higher rates of gasoline consumption, it is desirable to consider an
 
action that would keep gasoline consumption at a fixed level equal to
 
that of 1974. To achieve this means that the allocation policies

would have to be retained, i.e. the EPAA would have to be continued.
 
An auxiliary action that has a bearing on this is the possibility
 
that regulations may be passed aimed at increased fuel economy for aito­
mobiles. This possibility will be discussed in Section 9.2.3. Large
 
fuel savings can be achieved by increasing fuel efficiency, but the
 
automobile manufacturers must have lead times to realize improvements.
 
Since it is believed that quite significant economies can be achieved
 
by 1978, it seems reasonable to continue allocation through that year.
 
Further, allocation enforcement for three years may lead increasingly
 
to public resentment. For these reasons, itis proposed that the al­
location period should begin January 1, 1976, and run through December
 
31, 1978. Since the President of the United States must execute the
 
program, it is intended that he should be given extraordinary powers
 
to carry out this action. If it is found that a fixed level of gasoline
 
consumption can be easily met, itwould be desirable to give the President
 
power to achieve further reductions in end use if possible. It is
 
proposed that he would be allowed to achieve another 4% reduction in
 
gasoline usage if feasible under recognized socio-economic constraints.
 
In the following discussion, the probable effects of this action will
 
be studied.
 
9.2.2.1 BACKGROUND
 
The historical growth.trend for gasoline consumption over the
 
past five years has averaged approximately 4% per year, and present
 
consumption of gasoline by automobiles is about 4.5 million barrels
 
per day. This represents about 9 quadrillion BTU's per year. It is
 
useful to note that over 40 percent of automobile use is related
 
to employment; 33 percent is used for social and recreational travel,
 
and the rest occurs as a result of personal business.
 
9.2.2.2 DIRECT RESULTS OF ACTION 2
 
Historical growth would produce a consumption of 10.5 quadrillion
 
BTU's by the motoring public in 1978, an increase of about
 
750,000 bbl of gasoline per day. Using 1974 as a base year, and as­
suming this action to be ineffect by January 1, 1976, the reduction
 
from historical, growth over the next three years would be -0.73,-1.12,
 
-1.5 quads of BTU's. Since the President would be authorized to achieve
 
up to a 4 percent reduction incomparison to the base year, a real
 
reduction of 0.35 quads mi.ght occur.
 
The allocation program requirements would be minimal; yet, in 1978
 
alone would reduce projected foreign expenditure by four billion dollars
 
per year. It is estimated that the allocation program would require
 
manpower of only 500-1000 persons, at a direct cost per year of 5 to
 
10 million dollars, and the material requirements are minimal. Also,
 
itappears that implementation of this action would be relatively easy.
 
Most states already have energy boards and/or existing institutional
 
structures for implementing the 1973 Emergency Petroleum Allocation
 
Act. At this time, these structures are being paid for with federal
 
and state monies.
 
9.2.2.3 POSSIBLE IMPACTS
 
Consider the impact of this action of the public. With restricted
 
gasoline supplies, service station managers will, in all likelihood,
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area. However, there are potentially some serious consequences in the
 
socio-economic area. In comparison with all eighteen near-term actions
 
presented in Chapter 6.0, it ranks near the middle. Its ranking barely

places it inthe group which was suggested as those warranting further
 
investigation and possible implementation.
 
9.2.3 MANDATORY AUTOMOBILE EFFICIENCY --ACTION 3
 
This proposal is to set minimum average miles per gallon requirements

of the yearly production of auto manufacturers as follows:
 
MODEL YEAR MPG
 
1978 18.5
 
1979 19.5
 
1980 20.5
 
1985 28.0
 
Some possible impacts of this proposal are discussed,in the remainder
 
of this section.
 
Auto Manufacturers
 
Auto gas mileage averaged 14.0 mpg in 1974 [PMV-74,31]. Improvements

in the gas mileage potential of an automobile can be bought about in
 
several ways:
 
Transmission and drive train improvements.
 
Aerodynamic drag reduction.
 
Rolling resistance reduction.
 
Weight reduction.
 
Elimination or improvement of accessories.
 
Engine size reduction.
 
Engine improvements.
 
The auto manufacturers can attempt to meet the requirement by altering

the production mix and/or considering the items in the above list.
 
According to [PMV-7442], there is no evidence to suggest that improve­
ments in fuel economy (to the extent discussed in that reference) of
 
automobiles would have an effect on employment in the auto industry.
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have to curtail their working hours. Inan attempt to address this
 
problem, gasoline retailers would be permitted to develop and carry
 
out voluntary agreements to iiinimize motoristinconvenience. Clostng
 
of service stations on Sunday is to be avoided, However, in spite
 
of this, it is likely that motorists insome areas will be again faced
 
with lines and unavailable supplies at certain times.
 
If the public continues to average 1.4 passengers per vehicle
 
in the urban area, and 2.4 passengers in the rural area, then by 1978,
 
the number of passenger-miles per capita will be reduced by approximately
 
4.5%. If the President exercised his authority to reduce gasoline
 
supply by another 4.0%, then the passenger-miles/capita will be reduced
 
by 8.5%.
 
The easiest thing for the public to do, and yet retain historical
 
growth in total passenger-miles, would be to save energy in the urban
 
sector of their driving. Assuming no change in intercity driving,
 
thus maintaining their ability to vacation, etc., carpools could be
 
formed to conserve fuel in the cities. It is estimated that an in­
crease of 16% in numbers of passengers per vehicle would be required.
 
If the President imposed an additional 4% cut insupply, this figure
 
would change to 25%. For example, 30 to 40 percent of all urban vehicle
 
miles would have to carry three persons to achieve these averages. This
 
proposed life style change would produce minimal economic change, since
 
those businesses catering to the recreational and entertainment demands
 
would not be affected very much. However, this shift may be difficult to
 
achieve.
 
Negative impacts are likely in the private sector, particularly
 
affecting service stations, other service industries requiring trans­
portation, businesses inthe entertainment area, auto manufacturers,
 
and the oil companies. Service stations are affected directly. Re­
duction of sales back to 1974 levels will reduce gross incomes unless
 
prices increase. Since 70%-100% of their profits accrue from gasoline
 
sales, reduced gross income may result insome unemployment. As there
 
is no proposed restriction concerning gasoline retail prices, service
 
stations will probably increase price. This will directly discriminate
 
against lower income families. This is the case since these families
 
are forced to spend a larger percent of their disposable income for
 
transportation.
 
Generally, there will be a trend for families to purchase yehicles
 
that achieve increased fuel economy. Those American auto manufacturers
 
that do not have vehicles available with good fuel economy will probably
 
stand to lose the most by this action. However, there are quite a number
 
of foreign autos that do produce highZr fuel economies; consequently,
 
there may be an increasing trend for people to purchase these vehicles.
 
This course would not help the overall U.S. balance of payments problem.
 
Finally, this specific conservation action was assessed using the ­
methods discussed in Chapter 6. In comparison to other near term energy 
conservation actions, this action received a favorable rating. It 
directly helps to stabilize, if not improve, environmental quality, 
and it appears not to have serious consequences in the institutional 
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The same source estimates that investment costs would total $1.0 bil­
lion by 1980 under Scenario B (see Table 1.1-7), less for Scenarios A
 
and C, and more for Scenario D. Since'the proposal under consideration
 
requires a greater increase in fuel economy than these scenarios, it seems
 
logical to conclude that the required investment would be more. The auto
 
manufacturers' competitive position in the world might be improved'due to
 
better gasoline economy.
 
EPI-74-II,75] projects average fuel efficiency for automobiles as
 
18.2 mpg in 1985 and 16.3 mpg in 1980, with oil at $7/bbl, if there
 
isonly a mild incentive for auto manufacturers to improve economy and
 
assuming 65 percent urban and 35 percent inter-city driving. Thus, the
 
proposed 18.5 mpg in 1978 and 28.0 mpg in 1985 will not merely happen but
 
will require significant effort on the part of the auto manufacturer.
 
Figure 1.1-2 from [PMV-74, 35] implies that the production mix will consist
 
of a large percentage of small cars.
 
Economic Impact on Consumers
 
There will -e an attendant increase in first cost of an automobile in
 
all three class sizes. The fuel and maintenance savings should more than
 
offset this increase, however. For the cases examined in [PMV-74, 64-67],

the improvements and costs are as shown inTable 1.1-8 and 1.1-9. From
 
this information, an idea can be gotten on the effect of a 28 mpg average
 
by 1985. An extensive analysis would be required to obtain more accurate
 
numbers. With current gas mileage averaging about 14 mpg, it can be seen
 
that a doubling of this figure to 28 mpg would permit the consumer to
 
drive as much as ever without increasing his gasoline expenditures, even
 
if the price of gasoline goes to as high as $1.00 per gallon.
 
Safety
 
One means the auto manufacturers will use to i.ncrease gas mileage
 
is to manufacture smaller cars. Historically, small cars have been more
 
dangerous than large ones in that occupants have been more likely to be
 
killed or receive serious injury in accidents. Of course, if the per­
centage of small cars increases, then accidents between two cars would be
 
more likely to involve two small cars rather than one small car and one
 
large car, possibly reducing the danger of small cars. Further work needs
 
to be done in this area to assess the impact of a larger percentage of
 
small cars.
 
The Economy
 
The initial price of cars would likely increase as a result of the gas
 
mileage requirements specified inAction 3 because of technological
 
improvements made necessary, and possibly because of the use of lighter

and more expensive materials.
 
It is estimated in [PMV-74,-71] that little effect on the consumer
 
price index would occur as a result of an increase of 5-10% in the initial
 
real price of new cars. This same reference estimates that $400 (1974
 
dollars) would be added to the selling price of new cars by 1980 for a 40%
 
economy improvement (19.6 mpg) and $200 for a 30% economy improvement
 
(18.2 mpg).
 
The balance of trade situation would be improved due to reduction in
 
U. S. oil imports. Table I.]-10 gives estimates of the effect of the
 
scenarios examined in that reference on oil imports. Savings should be
 
more for Action 3.
 
9.2.4 INDUSTRIAL EFFICIENCY IMPROVEMENT _-ACTION 4
 
Approximately 40% of all energy consumed in the United States is used
 
by industry. Of this amount, approximately 70% (9x 106 barrels/day) is
 
consumed inmanufacturing, and over 80% of the latter amount is used by the
 
2,000 largest energy consuming manufacturers.
 
Studies by the FEA have indicated (a)that very substantial savings
 
of energy consumption per unit of product can be achieved by most industrial
 
firms and (b)that over 27% improvement in energy efficiency per unit of
 
output could be achieved by 1990 in six energy-intensive primary goods
 
industries. The six most-energy intensive industries are discussed
 
in Appendix E.
 
Action 4 of the list of proposed actions assumes that these industries
 
could accomplish a voluntary 20% reduction in energy consumption by 1985.
 
The program would be voluntary since many people [PRE-74] feel that rising
 
fuel cost will be sufficient incentive for industry to reduce consumption.
 
In fact,many companies have already indicated that such percentages are
 
fully within their capability. This may be an understatement of their
 
potential in view Of the fact that several industries have already reduced
 
their energy consumption by more than 7.5% by simply implementing non­
capital intensive good housekeeping measures. The FEA estimates that
 
approximately 2 x 106 barrels of oil equivalents/day (4.2 quad/year) can
 
be saved if the 2000 largest energy consuming manufacturers improve thei
 
energy efficiency by 20% by 1981.
 
Although this reduction in consumption is believed to be well within
 
the capability of most manufacturers, it is the general consensus that
 
such savinqs can be attained only if the top manaqement officials
 
of each firm work diligently to achieve the objective of improving each
 
firm's energy efficiency.
 
Since most of the non-capital intensive, good housekeeping type con­
servation measures have already been implemented in attaining the approxi­
mately 7.5% savings discussed above, the remaining reduction in consumption
 
would require a capital commitment of varying degrees.
 
Since capital expenditures required for conservation actions will have
 
to compete with other industrial programs requiring large capital invest­
ments, the potential for reduction in consumption may not be realized. For
 
example, mandated environmental improvement program will require sizeable
 
capital investments which will not be available for other projects.
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Some of the conservation actions discussed inSection E.5 require
 
large capital investments while others may have smaller potential savings
 
but require less capital expenditure. For example, the capital estimated
 
by Shell to save about 6% of their total consumption or approximately
 
6.3 x 1012 BTUs would be about $10 million (Section E.5.4.2). Since
 
Shell comprises only about 8% of the total U. S. refining capacity, some­
where in the neighborhood of $100-$150 million would be required for
 
implementing these types of conservation measures in the refining indus­
try alone, and the savings would amount to around 0.08 quads (see E.5.4.2).
 
However, the payback period for these measures is estimated to be less
 
than 2 years ( this is a constraint apparently imposed upon any conser­
vation action by most industries).
 
In fact, many studies of furnace insulation, combustion control,
 
burner positioning, and simil'ar capital improvements in heat-treating
 
furnaces have been conducted. Industrial experts estimated in 1974
 
that applying insulation to all the uninsulated skid rail systems in
 
the U. S. would result in a total fuel savings of approximately 3 x 104
 
barrels of oil per day (.9.08 quads/year). The economic justification
 
for furnace rail insulation (Table 9.2.4-,) revealed that an,expenditure
 
of approximately $100,000 an installation could save approximately
 
$234,000 worth of natural gas per year [SCI-74, 265].
 
As discussed inSection E.5.3,a large part of the heat of combustion
 
Of the fuel used in high temperature industrial furnaces is lost in the
 
exhaust. Infact, inmany furnaces, 50% or more of the energy used goes
 
up the chimney. Approximately 11% of the total fuel- consumption in the
 
U. S. is used for direct heating operations in industry and it appears
 
possible that as much as 30% of the fuel in certain direct heating opera­
tions can be saved-through the use of devices similar to the one depicted
 
in Figure 9.2.4-1.
 
According to the April 1974 issue of Science, "As for the use of
 
such devices on radiant tubes alone, there are approximately 900,000
 
radiant tubes in heat-treating furnaces in U. S..plants, and very few of
 
them are equipped with heat recuperators. Heat recuperators are being
 
introduced to the market now for this purpose. Industrial estimates
 
indicate that each recuperator can save fuel equivalent of 1/2 barrel
 
of oil per day. Recuperators cost $1,000 to $1,500 per unit. The total
 
potential (equivalent) fuel saving for all the radiant tubes inopera­
tion today is of the order of 450,000 barrels of oil per day. Further­
more, a device costing $1,000 to $1,500, which will eliminate the need
 
for 1/2 barrel of oil per day (equivalent) is economically rather attrac­
tive now." [SQI-74, 266J
 
TABLE 9.2.4-1 
ECONOMIC JUSTIFICATION 
FOR 
FURNACE RAIL INSULATION [SCI-74, 266J 
Item 
Annual 
amount 
(dollars) 
Capital cost 100,000Operating cost analysis
 
Maintenance, 5 percent of capital cost 5,000
 
Taxes and insurance, 2 percent of capital cost 2,000
 
Interest, 4.5 percent of capital cost 4,500
 
Depreciation in 1 year 	 100,000
 
Total annual operating cost 	 111,500
 
Economic benefit of fuel use reduction
 
Annual fuel cost reduction* 243,734
 
Annudl cost 111,500
 
Annual benefit 	 132,234
 
* 	 Calculated on the basis of 40.3 thousand cubic feet per hour,for 8400 hours 
per year, at $0.72 per thousand cubicfeet. 
This table shows the costs and benefits of insulating water-cooled skids in
 
a reheat furnace. The furnace capacity is 160 tons per day; insulation
 
reduces heat input by 40.3 million BTU per hour. Fuel, at $0.72 per thousand
 
cubic feet, is reduced by 40.3 thousand cubic feet per hour.
 
n n 
Cornbustion 
iroin.-

Hleated '~' Radiont tube exhoutjs 
alt out 
Preheated air 
Gas In Burner 
FIGURE 9.2.4-1. A heat recuperator suitable
 
for recapturing stack gas heat from a
 
radiant fired tube and using it to preheat
 
combustion air. FSCI-74.2661
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Wider application of combustion control systems appears to be an
 
economically attractive answer for increasing combustion efficiency as
 
discussed in Section E.5.1. Estimates from 5-10 up to 30% reduction
 
in fuel consumption have been recorded. [SCI-74, 267] Thus,the use of
 
computer controls in the operation of large thermal processing plants
 
appear to be an extremely attractive way to save fuel and reduce costs.
 
For example, the use of on-line computer controls to execute a carefully
 
devised program of operation for steel reheating in one European steel
 
plant resulted in a 25% reduction in fuel consumption per ton of pro­
duction, and was accompanied by a 12% increase in the plant's rate of
 
production.
 
In the area of longer range possibilities the development of
 
improved plant equipment is under investigation. An example of such
 
equipment is the heat pipe vacuum furnaces,[SCI-74,268J
 
Another method for improving industrial fuel efficiency, is combining
 
the generation of electricity and process steam production'and isdis­
cussed in some detail in Section E.5;2. One of the first questions to
 
be answered is, "Is itactually technically feasible or economically
 
attractive to build thermally integrated steam raising power generation
 
plants?" The idea is neither new nor economically uncertain. Infact,
 
during the 1920's and early 1930's, several major paper companies proved
 
that cogeneration is a very profitable way to generate electricity.
 
The program was so successful, in fact, that during the 1930's the
 
Department of Justice took an interest in the matter. In a series of
 
court suits the paper companies were required to decide whether they
 
were inthe paper business or the electric power business, and most
 
opted for the paper business, leaving power generation behind
 
fSCI-74, 2681.
 
Thus, the technical feasibility and economic attractiveness of
 
thermally integrated steam raising and power generation has long
 
been established. However, the problems in implementing the measure
 
are many. For example, not only industries, but also the utilities
 
would have to be convinced of the value of such an action. The
 
number of industries capable of undertaking such a venture would have
 
to be determined because industries that are large enough to tackle
 
the problem economically may be limited in number and those capable
 
of such an undertaking may be reluctant to do so due to fuel supply
 
problems and the management and operation necessary in this new area
 
are largely unfamiliar to them. Will there be sufficient manpower available?
 
At the same time utilities will probably be reluctant to accept the idea
 
of purchasing electricity from an industry to sell to their customers.
 
Although this intermediary role for utilities appears to be logical, there
 
would probably be considerable opposition. The essential problems in trying
 
to adopt such a measure involves finding ways to do so without abridging
 
other requirements of society, such as preserving open competition of
 
industry.
 
9-18 
Much the same can be said for another alternative measure that would
 
again be aimed at increasing the efficiency in power generation: the
 
location of industry around a power plant inorder to utilize the waste
 
steam produced. Obviously, this isan old idea but one that has not been
 
encouraged in the past. in the future, perhaps the government might provide a
 
clearing house for information concerning the industrial operations. Some
 
coordination of these planned expansions might be fruitful in these areas.
 
Once again, siting industry (and the accompanying employees) near a
 
generating plant has obvious obstacles that must be considered and dealt
 
with prior to the implementation of such a plan. For example, one of the
 
requirements for siting a nuclear power plant inthe past has been to
 
locate the plant inan area of low population density. This type of
 
planning for the utilization of waste'heat would have to include an
 
evaluation of the possibility that the population density around the plant

would be great. Along this line, the use of waste steam in such homes
 
might be investigated as a possible positive side effect.
 
As can be seen from this discussion, some of the actions that have
 
been proposed for industry are far reaching in their impacts. These
 
impacts must be evaluated and dealt with before the action is imple­
mented.
 
The availability of materials and equipment for various conserva­
tion actions may be an area of concern. For example, suppose all indus­
tries installed air preheaters. Is-there sufficient manufacturing capa­
bility to furnish these air preheaters without taxing the industry or
 
causing them to overbuild to supply this item? On the other hand,
 
suppose the air preheater manufacturers could not supply the necessary

air preheaters as quickly as needed and refused to tool up to provide

tbem. In this case,a reduction in-consumption of energy would be-depen­
dent on how quickly the air preheaters could be manufactured and then
 
installed. Since the potential savings attributable to the installation of
 
air preheaters is significant, this conservation action should be sub­
jected to a systematic study and evaluation. Identifying impacts prior
 
to implementation gives one the opportunity to provide an alternate
 
solution or to deal with the expected impact in a planned manner.
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9.2.5 ENERGY LABELING AND EFFICIENCY STANDARDS FOR CONSUMER PRODUCTS
 
OTHER THAN AUTOMOBILES -- ACTION 5
 
,Energy used in the residential sector accounts for 19 percent of
 
total energy consumed inthis country. In1970 95% of this point of use
 
energy consumption was in for the following end uses: space heating (68%),
 
water heating (15%), cooking (5%), refrigeration (3?), clothes drying (2%)
 
and a.ir conditioning (2%). Thus this area offers high potential for
 
energy savings and considerable attention has been focused on increasing
 
the efficiencies of appliances to effect these savings.
 
Action 5 of the proposed actions calls for the achievement of a 25%
 
reduction in energy usage of new major energy consuming consumer products
 
relative to their output by 1980 as compared to their usage in 1974. The
 
labeling requirements may be made applicable to the following types of
 
consumer products:
 
Room and central air-conditioners
 
Refrfgerators
 
Freezers
 
Dishwashers
 
Clothes dryers
 
Kitchen ranges and ovens
 
Water heaters
 
Home heating equipment, including furnaces
 
Television sets
 
Clothes washers
 
Humidifiers and dehumidifiers
 
Any other type of consumer product, ifthe average annual per

household energy use by product insuch type exceeds 100 kilowatt
 
hours per year.
 
Average annual per household energy use of a consumer product of a particular
 
type isdefined as aggregate energy use (KWh or BTU) of consumer products
 
of that type which are used by households, divided by the number of house­
holds inwhich products of that type are used.
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The action which is to be taken is to establish a program of energy
 
labeling and test procedures. The energy labeling isdesigned to (1)
 
assist purchasers in determining which consumer products have low energy
 
use or high efficiency, (2)encourage manufactures to sell products which
 
have low energy use or high energy efficiency. The purpose of the test
 
procedures is to establish energy use or relative energy efficiency under
 
conditions approximating actual use. The first priority of the proposal,
 
at least in the first few years, isto be energy labeling. It was hoped
 
that voluntary efforts of the manufacturers and better consumer infor­
mation would be sufficient to attain the energy conservation goal.
 
Separate energy efficiency improvement targets for each individual
 
energy consuming product are to be set. The level of the energy improve­
ment target for each type of consumer product is to be established based
 
on the degree of improvement that is feasible for that type of product,
 
and the amount of improvement necessary to meet the overall goal of 25%.
 
If any type of product does not attain its goal, an energy efficiency
 
standard will be established for that type of product. Energy efficiency
 
standards may be prescribed only after labeling requirements have been in
 
effect for at least 18 months. The criteria for setting energy efficiency
 
standards are: (1)that it is technologically and economically feasible
 
to improve energy efficiency or energy use of consumer products of such
 
type, (2)that the labeling requirement is not sufficient to induce
 
manufacturers to produce. or consumers to buy consumer products of such
 
type which achieve the maximum energy efficiency or improvement of energy
 
use which is technologically and economically feasible, and (3)that the
 
benefits of reduced energy consumption and life cycle costs outweigh first
 
cost increases, lessening of utility, and negative effects on competition.
 
The proposed action should contain a statement as to the amount of
 
energy savingsto be expected in 1980 if the goal of 25% aggregate increase
 
in efficiency of the named consumer products is attained. Thus it appears
 
that an analysis should be undertaken to weigh expected benefits against
 
expected costs to industry and consumer. Also it seems that an attempt
 
should be made to determine if this action would indeed result in a net
 
energy savings or if the requirements for its attainment could be satis­
fied in light of all of the other actions, with attendant requirements,
 
that were proposed. These points are addressed in the following
 
paragraphs.
 
The 25% increase in aggregate consumer product efficiency was an
 
extension of the President's request for a 25% increase in consumer
 
product efficiency. This extension was based on the results of an FEA
 
report which cited potential energy savings, from efficiency and energy
 
use improvements of consumer products, of 29%. This report, however
 
excluded central air conditioners and home furnaces from the analysis
 
and used 1972 energy consumption data as a baseline. The proposed action
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includes central air conditioners and furnaces in its list of consumers
 
products as part of the aggregation that isto achieve 25% energy
 
efficiency improvement, and uses the base year 1974. As space heating
 
accounts for 68% of the energy use inthe residential sector, itwould
 
have a pronounced effect on any aggregate energy efficiency goal. This
 
should be considered in setting the goal. Also, Project Independence
 
projected that the unit consumption of at least some of the consumer
 
products listed would decrease between 1972 and 1974 [PI-74-5], which
 
should also be considered in setting the goal and base year.
 
A comparison between savings to be realized and the expense to be
 
incurred by industry in reaching the goal should be included in the
 
proposed action. The consumer will ultimately pay the bill for any
 
expense incurred in product modification (as he did in the case of
 
pollution controls on automobiles) so that the neglect of a comparison
 
between expected savings and costs would be a neglect of a potential
 
impact on the consumer.
 
The efficiency improvement targets are to take into consideration
 
the feasibility of goal attainment for each type of consumer product.
 
A systematic analysis should be undertaken to determine a priori if the
 
feasibility of attainment of the 25% aggregate efficiency improvement is
 
realistic considering all of the actions which are included in the
 
National Energy Conservation Proposal. The goal should be set after a
 
determination ismade as to its feasibility with regard to requirements
 
to attain this goal. Provision ismade for the setting of energy
 
efficiency standards if it is determined that it is technologically and
 
economically feasible for a particular type of product to reach its
 
goal and if the attainment of the goal will result in a lower life cycle
 
cost to the consumer weighed against lessened utility or negative effects
 
on competition. This determination should be made before setting the
 
goal and thus the potential hardships that may impact consumers and
 
industry in the period while industry strives for goal attainment. The
 
consumer product industry should be consulted when setting the efficiency
 
goal to be as sure as possible that it is realistic and that there is a
 
reasonable possibility of attaining it. This is especially true of a
 
voluntary program which depends, for its success, on the cooperation of
 
industry. If industry feels they are being asked to attain an impossible
 
goal which has not been well thought out or are being unjustifiably
 
pressured, the possibility of attaining the goal will be lessened. Itmay
 
be that the 25% goal is an unrealistic one. Some major appliance manufac­
turers have stated reservations as to the possibility of the attainment
 
of even the 20% goal suggested by President Ford. As a case in point,
 
the General Electric Company major appliance group addressed the
 
question of attaining a 20% average reduction in the energy usage of new
 
home appliances by 1980 as compared to new home appliances built in 1972
 
(President Ford's January 15, 1975, message to Congress). The following
 
is a quote from [GE-75-1]:
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"Itwas generally agreed that an average 20 percent reduction
 
in the energy consumption of appliances in the time span from
 
1972 to 1980 was a very ambitious goal that will tax both the
 
technical and economic resources of the appliance industry.
 
In order to attain an average 20% reduction, the goals for
 
individual appliances have been set both above and below 20
 
percent. For example:" (See Table 9.2.5-1 [GE-75-1 ])
 
This listing does not include two of the biggest energyconsumers; central
 
air conditioners and space heating equipment. They make the point that
 
increasing the efficiency of central air conditioners from a current EER
 
of 7.4 to 10 would entail a very large increase in the cost over units
 
today. They made no comment on the question of space heating equipment
 
except with regard to heat pumps. The point here isthat one of the
 
major manufactuters of energy consuming consumer products has testified
 
to the fact that the attainment of a 20% average increase in consumer
 
products efficiency would be a "very ambitious goal" whereas the proposed
 
action suggests a 25% improvement. It is not the intention to sympathize
 
with the consumer product manufacturers, but to emphasize that a
 
feasibility analysis should be done a priori, taking into consideration
 
the other actions which would be enacted concurrently as part of a
 
national energy conservation proposal. That is, a systems approach or
 
Technology Assessment should be used to assess the feasibility of the
 
entire proposal including all the actions. Part of any analysis should
 
be a study of the net energetics of each of the actions. Will the
 
action truly lead to a net energy savings after the additional energy
 
embodied in any new materials ormanufacturing processes necessary to
 
effect the efficiency improvement are subtracted from the operating
 
energy savings realized by using the new efficient product rather than the
 
old 1974 product? This net energy savings isthat which should be
 
compared to the-financial costs of attaining itwhen making a cost benefit
 
study.
 
There are other impacts which should be assessed before proposing
 
this action, such as the impact that its' enactment would have on the
 
building industry. Any increase inthe price of consumer products would
 
certainly affect the selling prices for new homes with the space condi­
tioning equipment adding the largest increment. Utilities should also
 
be considered for their revenues may drop to the extent that their
 
rates would have to be raised. This would mean that consumers would ulti­
mately pay more for his monthly bill for less consumption. This was the
 
situation that occured in some regions during the winter of 1974 when
 
consumers curtailed demand. Consumer product manufacturers must also
 
be considered as they must be able to balance any increased costs with
 
increased revenues. Lost revenues would have to be passed on to the
 
consumer in the form of higher prices. If their sales decrease itmay result
 
in unemployment. There isalso the problem of disposing'of, rather than
 
reselling, second-hand inefficient appliances. This leads to the point
 
of whether energy saving appliances will sell in light of their increased
 
price. The public must be educated to the concept of life-cycle costing.
 
One solution might be to put all savings in terms of dollars rather than
 
energy units. Before proposing any action which isdesigned to save
 
energy, an analysis must be done to assess all the implications and impacts
 
that go along with it.
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TABLE 9.2.5-1
 
APPLIANCE ENERGY, USE REDUCTION GOALS IGE-75-13
 
Appliance 1980 Goal 
Refrigerators 30% 
Ranges 
Gas 30% 
Electric 10% 
Room Air Conditioners 22% 
Dryers 
Gas 12% 
Electric 6% 
Water Heaters 
Gas 25% 
Electric 9% 
Freezers 25% 
Television 
Black and white 48% 
Color 42% 
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9.2.6 INCREASED USE OF COAL -- ACTION 6
 
Action 6 provides for the utilization of coal in all power plants
 
with existing coal facilities and for the conversion of sufficient
 
natural gas fired plants to aleviate natural gas shortages. The FEA
 
has reviewed the status of existing power plants and has found 155 boilers
 
at 79 stations with a combined capacity of 25,000 MW which could be con­
verted to coal without major modification. [Power-75,33]. In
 
addition it is proposed that a sufficient number of gas fired plants are
 
converted to oil to overcome a deficit of 1.1 trillion cubic feet/year

of natural gas [HR. 7014 Hearings-75,1107].
 
These combined actions would reduce natural gas requirements in
 
existing power plants from 3 4 X 106 to 2.3 MMCF/year, oil requirements
 
from 527 X 100 to 505.9 X lO6bbl/year and increase coal needs from
 
389.3 X I06 to 427.3 X 106 tons/year. At $11/bbl for oil the direct
 
improvement is balance of payments would be $233 million/year. One
 
problem is that of obtaining sufficient coal supplies. Both power

plant construction and mine development require significant lead times
 
so that future coal requirements and availibility may be-projected at
 
least three years with a reletively high degree of accuracy. The
 
scheduled startup of new fossil fuelzfired plants [EW-75,58] and the
 
opening of new mines [Murphy-75] show no expected surplug of coal by
 
1977. However itwas found that an additional 31.4 X 10 tons/year might
 
be produced by 1977 if an aggressive development program were undertaken
 
today. While this is still somewhat short of the 38 X 106 tons required
 
for all FEA conversions it does indicate that the conversion process

could be completed before 1980. Inthe interium period itmay prove advan­
tegeous to import cofl and to alleviate any transient deficit.
 
Using a value of $11/bbl for oil as compared to $26/ton for coal,
 
it is found that conversion of the FEA designated plants to coal would
 
reduce annual fuel costs from $1.77 billion to $.988 billion. This is
 
an annual improvement in the balance of payments of $.783 billion, even
 
if all coal is imported. Conversion costsare estimated at $11.9
 
billion under present state environmental implementation plans but
 
would drop to $0.6 billion (1980 dollars) if standards were relaxed
 
to the primary and secondary federal ambient standards. [Allen-75]

It is apparent that the economic feasibility of such a conversion is
 
directly related to the environmental standards. Many of the utilities
 
and coal producers advocate a review of environmental standards with
 
a trade-off between the national needs of environmental conditions and
 
energy needs.
 
Retrofitting of boilers to utilize coal in plants not designed
 
for coal has previously been proposed. The costs of such a retrofit
 
program has been estimated at $26 billion (1980 dollars) exclusive of
 
capital required to meet air pollution control requirements or of
 
capital outlays by supporting railroad, etc. [Allen-75] As noted
 
from Table 1.2-2, sufficient coal supplies are simply not available
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to accomplish such a conversion prior to 1978. It is clear that any
 
retrofit program will be hampered by the rate at which additional
 
mines can be developed and should be delayed until coal production
 
surpluses can be attained. Note that the cost of retrofit is of
 
the same order of magnitude as the cost of the coal gasification programs
 
inAppendix D. Both programs provide about 3 quads of additional
 
pipeline gas and both cost on the order of $30 billion. However,
 
gasification plants would be new facilities with a 40 year lifetime,
 
whereas retrofitting of old natural gas plants would provide significantly
 
shorter service.
 
An additional area of concern is conversion to c9al in transportation.

Ra-il facilities, particularly in the Northeast, have deteriorated over
 
the past several years and will require upgrading. Today there is both
 
a shortage of hopper cars and coal barges so that potentially siqnificant
 
problems may occur in transport. The problem will be accentuated by
 
development of the low sulfur coal areas of the Northern Great Plains.
 
While rail lines are generally in good repair in this region, the distance
 
travelled to major population areas is enormous., This may be seen in
 
Figure 1.2-1. Barge transport is generally much cheaper than rail, but
 
no waterways of sufficient depth are found in the area. Generally, it
 
is recognized that rail transport will be required at least to the
 
Mississippi River. From there, coal may move east either up the Ohio
 
River or down through the Gulf. Transportation by rail provides a
 
significant side benefit of providing substantial revenues to rail
 
systems. In fact, coal transport constitutes the railroads' single
 
most important commodity class. Thus,-conversion to coal serves to
 
stabilize rail revenues.
 
9.3 INPUT-OUTPUT ANALYSIS OF NATIONAL ENERGY CONSERVATION
 
Let S refer to actions relating to substitution of coal for oil
 
and gas. Following the discussion of proposed actions presented in
 
Section 9.2, substitution refers to a 100% switch away from gas and a
 
50% switch away from oil to coal in generating electricity. Let E
 
refer to actions directly impacting on industrial energy efficiency.
 
The major action is a proposed 20% improvement in industrial energy
 
use. The tine frame is 1985. Let C refer to actions which impact on
 
the consumption sector. Included in this category would be mandated
 
improvements inmiles per gallon and home appliance operation efficiency.
 
The assessments of actions in sets S and E were made using the
 
ECASTAR energy input-output model. Actions in set C were evaluated
 
outside the context of the 1-0 model. The years 1967, 1980, and 1985 were
 
selected in order to trace what the secondary impacts were likely to be.
 
Each time period is analyzed separately.
 
9.3.1 1967-THE BASE
 
Energy source requirements for 1967 are presented inTable 9.3.1-1.
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TABLE 9.3.1-1
 
COMPARISON OF ENERGY REQUIREMENTS
 
UNDER VARIOUS CONSERVATION ACTIONS
 
1967 
x10 15 BTU's 
Action(s) 
COAL 
REFINED 
PETROLEUM 
NATURAL 
GAS TOTAL 
Base (1) 14.8 26.1 18.45 59.35 
S (2) 18.1 25.6 15.65 59.35 
S and E (3) 15.7 20.8 15.30 51.80 
E (4) 12.5 22.0 17.9 52.40 
(1) Base Case-Bureau of Labor Statistics
 
(2) Substitution Actions (Coal for oil and gas as discussed in section 9.2)
 
(3) Substitution and industrial efficiency improvements (as discussed in 9.2)
 
(4) Industrial efficiency improvements only.
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Implementing only the industrial efficiency standards would have
 
produced an 11% reduction in overall energy use in 1967. The indirect
 
impacts associated with efficiency improvements are far less than for
 
substitution. The major drawback to a policy aimed only at increasing

efficiency isthat itmay not reduce the energy requirement of oil and
 
natural gas enough to curtail imports. This presents serious problems

in the 1985 case --where estimated natural gas requirements are over
 
40 quads.
 
9.3.2 1980 PROJECTIONS
 
Estimated energy demand by source for 1980 isgiven inTable 9.3.271.
 
The 1980 base case was based on the BLS projected estimates for 1980
 
and 1985. This case is very much like a historical growth extrapolation.

While historical growth is unlikely to pace the future, it is nevertheless
 
instructive to compare the effectiveness of conservation actions to this
 
standard.
 
By 1980, if the substitution strategy had been followed, the
 
additional requirement in coal production would be almost 10 quads. If
 
both the substitution and efficiency strategies were followed, almost
 
an additional 6 quads of coal would be needed.
 
The indirect requirements in terms of quads needed to produce the
 
additional coal would be 2.4 quads for substitution only and 1.4 quads

for both substitution and increased efficiency. Table 9.3.2-2 highlights

the additional requirements which would be necessary to permit the sub­
stitution. Note that these projections are requirements above the 1980
 
projected output levels. A detailed analysis of each major industry's capa­
city to expand would be necessary to complement the assessment of substi­
tution.
 
Those numbers should be compared relative to the projected growth of
 
the input industries. Table 9.3.2-3 provides a perspective of what an
 
additional 1% ingrowth implies. Employment estimates do not take
 
productivity changes into consideration.
 
Table 9.3.2-4 presents energy requirements under the assumption

natural gas demand is held constant at 1974 levels. Considerable quad

savings can be brought about by accepting a 1.5% decrease in-GNP relative
 
to what itwould have been for the 1980 base case. It has been pointed
 
out inearlier chapters that a reduction in final demand will imply

overall energy savings. Note, however, as final demand falls, so does
 
GNP.
 
9.3-3 1985 PROJECTION
 
Tables 9.3.3-i, 9.3.3-2, and 9.3.3-3 summarize the energy and related
 
input requirements for various cases in1985. The S and E conservation
 
program appears to save 11%, relative to the 1985 base case. However,
 
to bring about the substitution, another 2.5 quads of indirect, imbedded
 
energy would be required.
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TABLE 9,321 
COMPARISON OF ENERGY REQUIREMENTS
 
UNDER VARIOUS CONSERVATION ACTIONS
 
1980
 
xl 5 BTUs
 
Action(s) REFINED NATURAL
 
PETROLEUM GAS TOTAL
 
Base Case (1) 24.6 	 34.9 39.9 99.4
 
(2) 34.0 	 37.86 27.5 99.36.
S 

S and E (3)" 31.72 32.70 25.0 

E (4) 24.17 33 45 32.56 90.18
 
(1) Base Case-Bureau of Labor Statistics
 
(2) Substitution Actions (Coal for oil and gas as discussed insection 9.2)
 
(3) Substitution and industrial efficiency improvements (as discussed in9.2)
 
(4) Industrial efficiency improvements only.
 
TABLE 9.3.2-2
 
ADDITIONAL REQUIREMENTS ASSOCIATED
 
WITH THE SUBSTITUTION STRATEGY
 
1980
 
Industry group 	 Additional output Additional
 
growth required labor required
 
(%) (103)
 
Primary metals 0.8 11.0
 
Water 1.0 0.6
 
Machinery 2.0 84.0
 
Transportation manufacturing 0.3 4.0
 
Transportation 2.3 92.0
 
Retail/wholesale trade 0.4 50.0
 
Chemicals and allied products 1.1 10.0
 
TABLE 9.3.2-3 
Rio PROJECTED OUTPUT GROWTH FOR SELECTED 
INDUSTRIES FROM 1967 to 1980
 
1967 1980 1967 1980
 
INDUSTRIES TOTAL OUTPUT TOTAL OUTPUT EMPLOYMENT EMPLOYMENT
 
($x 109) (sx 109) (x103) (xI03)
 
Primary metals 50.9 86.5 1350 2220
 
Water 2.8 4.0 46 59
 
Machinery 63.6 111.0 1390 4180
 
Transportation 70.4 125.0 1950 3320
 
manufacturing
 
Transportation 46.8 75.6 2830 4060
 
Retail/wholesale 162.0 256.0 16150 25300
 
trade
 
Chemicals 46.5 84.9 1001 1800
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TABLE 9.3.2-4
 
COMPARISON OF ENERGY OUTPUT REQUIREMENTS
 
UNDER VARIOUS CONSERVATION ACTIONS
 
ASSUMING FINAL DEMAND FOR
 
NATURAL GAS IS FIXED
 
AT 1974 LEVELS
 
Xl015 BTU's
 
Action(s) 
Coal 
Base (1)26.1 
Refined 
Petroleum 
38.5 
Natural 
Gas 
30.1 
Total 
94.7 
S (2)33.9 37.9 22.5 94.4 
S and E(3) 31.7 32.6 20.4 84.7 
E (4) 24.2 33.3 27.5 85.1 
(1) Base Case-Bureau of'Labor Statistics
 
(2) Substitution Actions (Coal for oil and gas as discussed in section 9.2)
 
(3) Substitution and industrial efficiency improvements (as discussed in 9.2)
 
(4) Industrial efficiency improvements only.
 
TABLE 9.3.3-I
 
COMPARISON OF ENERGY REQUIREMENTS
 
UNDER VARIOUS CONSERVATION ACTIONS
 
1985
 
x10 15 BTU's
 
Refined Natural 
Action(s) Coal Petroleum Gas Total 
Base core(1) 29.0 49.0 44.0 122.0 
S(2) 41 48.3 33.0 122.3 
S and E(3) 37.1 44.0 31.0 112.1 
E(4) 28.6 46.2 41.7 116.5 
(1) Base Case, Bureau of Labor Statistics
 
(2) Substitution action (coal for oil and gas as discussed in section 9.2)
 
(3) Substitution and Industrial Efficiency Improvements Os discussed in 9.2)
 
(4) Industrial Efficiency Improvements Only
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TABLE 9.3.3-2
 
ADDITIONAL REQUIREMENTS ASSOCIATED
 
WITH THE SUBSTITUTION STRATEGY (1)
 
1985
 
Industry Additional output Additional labor
Group growth required required
(%) (xO3)
 
Primary metals 1.8 

Water 1.4 1
 
Machinery 3.2 1
 
Transportation 0.45 41
 
Manuracturing
 
Transportation 3.5 99
 
Retail/wholesale

trade 0.7 71
 
Chemicals 1.5 12
 
(1) Substitution Strategy isswitching 100% away from natural gas and 50%
 
away from oil as discussed inSection 9.2
 
TABLE 9.3.3-3
 
PROJECTED OUTPUT GROWTH FOR SELECTED
 
INDUSTRIES FROM 1980 to 1985 L11
 
1980 1985 1980 '1985
 
Industries Total Output Total Output Labor Labor 
(s x10 9 ($ x109 ) (xO3) (x,03 ) 
Primary Metals 86.5 104.2 2220 2760
 
Water 4.0 4.5 59 65
 
Machinery 111.0 136.1 4180 .5100
 
Transportation
 
Manufacturing 125.0 144.0 3320 3800
 
Transportation 75.6 90.0 4060 4800
 
Retail/wholesale 256.0 300.0 25300 29600
 
trade
 
Chemicals 84.9- 104.0 1800 2200
 
9-31
 
If the proposed actions,which directly impacted on industry had been
 
implemented in 1967, overall industry energy savings would be approxi­
mately 12.5%. Note that industry includes mining, construction, manu­
facturing, and services. The direct impact of substitution is a shift
 
in the source requirements. In 1967 over 3 additional quads of coal
 
would have been needed. Substitution raises an interesting question.
 
Was there the excess capacity to produce 3 more quads of coal? Would
 
there have been sufficient quantities of inputs into coal mining -- water,
 
steel, rail cars, employment? The magnitude of these secondary require­
ments determines how feasible the substitution is. Note also that since
 
the ECASTAR model does not have a nuclear sector, some of the burden
 
which falls on coal will be directed to alternative energy sources -­
nuclear, for example.
 
The indirect impacts of substituting coal for oil and gas are sub­
stantial. In 1967 dollars, the substitution would have implied a billion
 
dollar increase in coal production. To achieve this additional production
 
almost 3/4 of a quad of additional energy would have to be used. Further­
more, the increased coal production would require:
 
primary metals output to increase by 2%
 
water output to increase by 1 1/2%
 
machinery output to increase by 1%
 
vehicle manufacturing (primarily rail) output to increase by 6%
 
transportation and warehousing output to increase by 3%
 
The implied indirect increases inmanpower would be an additional:
 
45,000 for coal mining
 
27,000 for steel manufacturing
 
117,000 for transportation equipment
 
85,000 for transportation
 
While these estimates need to be qualified, given the aggregation

inherent in the model, they nonetheless point out that major secondary

impacts are likely to occur. These gains, moreover, are not offset by

the decline in gas and oil allocated to electric utilities.
 
The direction and magnitude of the indirect impacts suggest that
 
substitution may be more easily implemented when the economy is slack.
 
Such substitution might well fuel an economic recovery. However, adopting

substitution when the economy is rapidly moving towards full employment will
 
necessarily increase competition for industry output. A tradeoff in a
 
growing economy, between energy substitution and other areas of growth,

could well alter patterns of investment and consumption for years to come.
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Table 9.3.3-4 describes the energy requirements if the final demand
 
for natural gas was held constant-at ilts 1974 level. At best a 16%
 
reduction relative to the 1985 base case can be achieved -- at a cost of
 
1% in terms of GNP growth from 1980 to 1985.
 
Extreme care- should be used when assessing'these numbers. First,
 
the proposed actions-were made to impact immediately in any one year.
 
A-gradual §cheduled shift would help moderate the impacts. -Secondly,
 
all the feedbacks were not assessed via an iterative procedure. -Reaction
 
to prices and output constraints was not built into the model. Finally,
 
other energy sources were not fully accounted for.
 
It does appear, however, that because of the recent economic slump
 
and the reluctance to deregulate natural gas, conservation aimed at
 
increasing efficiency may help reduce consumption to approximately 104
 
quads ,by 1985.-

Actions contained in set C were.considered in the 1985 case only.
 
Table 9.3.3-5 presents rough estimates of the savings brought about by
 
these actions.
 
9.3.4 SUMMARY
 
The previous tables characterized estimates of the effectiveness of
 
a set of actions in an economy moving along an historical growth curve.
 
Included with these numbers -were estimates of some of the subsidiary

impacts. While it was recognized that much refinement in the model is
 
required, the model nevertheless uncovered certain areas whichdeserve
 
close monitoring -- among them production in the transportation, primary

metals, and machinery industries. Simulating the model under various
 
sets of assumptions is necessary in order to assess the sensitivity of
 
the economy to certain impacts. Some variables which deserve attention
 
are: energy industry capacity, steel output, prices, GNP growth, un­
emDloyment, and aggregate demand., Impacts whichresult from a change in
 
government spending should also be analyzed. This is particularly
 
important if the government plans to underwrite research and development
 
and technology assessment in the energy area.. For example, the decision
 
itself to go electric using nuclear and coal as primary fuels implies a
 
host of direct and indirect impacts that need to be taken into account.
 
TABLE 9.3.3-4
 
COMPARISON OF ENERGY REQUIREMENTS
 
UNDER VARIOUS CONSERVATION ACTIONS
 
ASSUMING DEM4AND FOR NATURAL GAS 
FIXED AT THE 1974 LEVEL
 
1984 
xlO 15 BTU's 
Action(s) Coal 
Refined 
Petroleum 
Natural 
Gas Total 
Base(') 
S(2)  
33.2 
40.86 
48.9 
47.5 
32.9 
25.8 
115.2 
114.2 
S and E(3) 38.0 41.0' 23.2 102.2 
E(4)  31.1 43.2 29.5 103,8 
(1) Base Case Bureau of Labor Statistics 
(2) Substitution action (coal for oil and gas as discussed inSection 9.2)
 
(3) Substitution and Industrial Efficiency Inprovements as discussed in 9.2
 
(4) Industrial Efficiency Improvements Only
 
TABLE 9.3.3-5 
ESTIMATES OF SAVINGS FROM CONSERVATION 
ACTIONS IN SET C a 
1985 
xlO 15 BTU's 
1967 Base 
Consumption of're-
fined petroleum 
10.7 
Electricity 
consumption 
1.2 
Natural gas 
consumption 
4.4 
Total 
16.3 
1985 Estimated 
Base b 22.2 2.3 8,7 33.2 
Savingsc from 
actions in 1.78 .24 2.02 
Set C 
Savings in 
coal 
.75 
Total Savings 2.77 
a) Actions considered were 100% increased jn MPG i-n 1985 and 25% increase in
 
appliance operating efficiency in 1985.
 
b) Estimated by extrapolating 1967 base along historical growth curve.
 
c) Savings were computed by assuming standards affected 10% of the fleet
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CHAPTER 10 ELECTRIFICATION 
The electric utility industry is a true energy delivery system in
 
the precise meaning of the systems method. It is a major component of
 
the energy picture today and of every scenario of the foreseeable future.
 
As an energy system the utility industry is controlled completely by
 
its system environment: fuel suppliers, equipment suppliers, govern­
mental regulations, and consumption habits. In the mid-term, electricity
 
is the major alternative to direct use of scarce fossil fuels. Elec­
trification has been chosen for an assessment of conservation impact
 
because it is almost the sole consumer of coal and nuclear power, and
 
because electrical end use can be made to have higher overall efficiency
 
than many present direct fuel uses. The important actions within
 
electrification examined here are those with the greatest impacts
 
(coal and nuclear), the greatest technological requirements (peak
 
shaving and transmission) and the greatest response from the decision
 
makers (economic health and growth of utilities in an era of increasing
 
energy costs).
 
-
10.1 INTRODUCTION-

Electrification will be considered as a set of actions and/or
 
policies that leads to an increasing proportion of total energy used
 
in the form of-electricity. The increases in the amount used may come
 
from pure growth in energy demand or from a replacement of the direct
 
use of the traditional fossil fuels. The roughly 7% historical growth
 
of electricity has been slowed by the Arab oil embargo and the recent
 
slowdown of economic activity. The upward trend is expected to continue
 
for several important reasons. One is that coal is abundant in the
 
United States as a substitute for the more scarce oil and natural gas.
 
Secondly, uranium has roughly four times the energy content of all our
 
fossil fuels combined. Coal and nuclear power are expected to support
 
the strategy of removing dependence on foreign resources. Environmental
 
considerations have somewhat impeded the progress of electrification.
 
Technological and-economic factors may help or hinder its progress. The
 
undercurrents-of social and political activities are expected to have
 
ambivalent effects on the electric future.
 
This chapter is designed to investigate the principal areas involved
 
with electrification. The belief is held that the implications of such
 
a broad strategy are not fully understood in terms of energy conservation.
 
It should be noted that some of the subactions within electrification
 
are not conservation per se, but are necessary to implement other
 
conservation actions.
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Important actions that are underway or proposed in the energy
 
industry are discussed in Section 10.2. The coincident actions in the
 
other sectors of the economy are dealt with in Section 10.3. Section 10.4
 
is the synthesis of the forces within electrification, including sector
 
feedback flows. Section l0.5.makes recommendations based on the assumption
 
(whether or not justified) that electrification will continue to be a
 
major part of the U. S. energy scene.
 
10.2 ENERGY INDUSTRY ACTIONS
 
Of direct interest in the electrification of the U. S. economy are
 
subactions taken by the enercy industry itself. These, together with the
 
concurrent actions of the other sectors, will have significant impact on
 
the domestic energy future. The major actions discussed in this section
 
involve increased use of coal and nuclear fuels and the improvement of the
 
operations of electric utilities.
 
10.2.1 INCREASE POWER GENERATION FROM COAL
 
The use of coal inthe U. S. now and in the future represents an ideal
 
subject for a systems study. The final form of a coal economy is not deter­
mined now because of the many developing technologies. All phases of the
 
coal industry are under reassessment.
 
The purpose here is to discuss the transition of the electric utility

industry to a coal/nuclear base. The interaction of this coal market with
 
the development of new coal intermediates and markets will be covered.
 
The interaction of coal and nuclear energy in the utility industry will
 
not be discussed_ The two fuels vary significantly in time frame, obstacles,
 
impacts, and technical and industrial support.
 
'Fossil fuel power plant designs have shifted essentially 100% to coal
 
in the last three years. There i-s strong support in Congress and FEA to
 
mandate retrofits Wherever nossible of both power plants and orocess heat or
 
steam generators. This latter action is an outgrowth of the crisis atmos­
phere of the energy problem. In the long view, in an electrified economy,
 
the retrofitting of the existing plants will be a minor factor. There is
 
evidence that this retrofitting will be delayed slightly by the too slow
 
exoansion of coal supplies.
 
The largest requirement in conversion to coal is not the mining, trains,
 
or equipment but environmental and health protection. This protection re­
quirement begins at the mine with health, safety and reclamation and continues
 
to the disposal of the varied combustion products such as ash, dust, sulfur
 
compounds, toxic metals, carbon dioxide, and rejected heat. There is some
 
sentiment, prompted again by the crisis, to relax environmental standards in
 
order to facilitate the transition inthe near term. This essential require­
ment of cleaning up the coal system is projected to add to the cost of coal­
generated electricity.. This requirement is also the major obstacle to
 
implementing coal. Along with many other elements of the energy problem,
 
the major design deci-sions necessary to determine an integrated system are
 
awaiting some near-term and mid-term development results.
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The scale of the materials handling problem associated with a coal elec­
tric economy is staggering. This is compounded by the simple fact that coal
 
must be handled several more times in its fuel cycle than oil or gas. Thus
 
the first area of awaited developments is in the transport of coal and all
 
the associated by-products. The transportation problem iscomplicated by

the dispersed sources of the fuel and its concentrated consumers. Materials
 
handling is one of the factors driving coal conversion to liquid or gaseous

form. Significant problems related to delivery, handling, and storage of
 
coal can be expected as plant sites become more scarce. A key obstacle to
 
retrofitting 'existing plants is the lack of space for stockpiles and even
 
access to railroads. Some of these problems will be reduced or eliminated
 
i.f economical conversion methods can be developed. Estimates of the time
 
for large-scale availability of coal intermediates ispost-1985. [PI-74J
 
The removal of sulfur and, to a lesser degree, other harmful materials
 
from coal is being attacked both before and after the combustion process.

Successful clean-up of the coal or the combustion products must be accom­
plished immediately. Expansion of coal use from present levels will cause

conflict with air standards inmost parts of the country. Use of low sulfur
 
coal predominantly will shift the mining forces and restrict expansion of
 
the coal supply. The expense of coal clean-up impacts the utilities in two
 
different ways. If scrubbers are used, they become part of the capital
 
expense of the utility. If pre-combustion treatment is used the cost appears
 
as a fuel cost. A variety of processes are under development which would
 
yield a "clean" coal in different physical forms which implies different com­
bustion properties and post-combustion clean-up. The combustion product

"scrubbers" are beginning to show good results in tests. 
 For some time the
 
cost, complexity and down-time due to lack of operating experience of these
 
scrubbers was generating great opposition by the utilities to their use.
 
Problems of disposing of the waste products have not been solved. The
 
scrubber units would be attached to each power plant. Coal clean-up plants
 
on the pre-combustion side of the cycle could be located to optimize trans­
portation requirements. Choice of a site for a coal conversion or clean-up

plant would be determined by the output form (BTU of gas, liquid, or other),

and,the network optimization of serving several mines and possibly several
 
power plants. Sites for coal processing will compete with sites for the
 
power plants and other major industrial installations. There is a great

opportunity for a systems study of a coal conversion plant interfacing with
 
other heavy industry as a consumer or producer of product and energy streams
 
besides electricity.
 
The technology of conversion of coal to electricity is undergoing inten­
sive studies directed at achieving higher thermal efficiencies and at pro­
ducing a waste-product stream which is easy to clean up and compatible with
 
maximum heat utilization. Success in some areas such as magnetohydrodynamics
 
may depend on the same processing of coal to remove contaminants as does
 
ordinary combustion. Advanced systems such as MHD or turbine-topping cycles

benefit from coal conversion also.
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All of the above is intended to show the complex interrelationship of
 
diverse technologies now under development. Coal is projected to be a grow­
ing source of electricity. Coal isprojected to be a sustaining fuel for
 
the U. S. and the world through the year 2000. This means that there is
 
enough time to go through more than one generation of development projects.
 
Italso means that sufficient longevity of the resource exists to amortize
 
the generations of plants not yet developed.
 
An orderly development of a coal-electric system would suggest growth
 
sufficient to meet base load growth (with nuclear until intermediate
 
processes are developed which can simplify the handling and pollution prob­
lems. Implicit in such a suggestion is that a systems approach should be
 
applied in redesigning the energy'industry - utility interfact with all of
 
the transportation, land use, and pollution constraints aoplied. The crea­
tion of very large scale coal-processing industries would generate an
 
industrial base to rival the present petroleum refining industry. The
 
relationship of this new intermediate industry to the fuel producers,
 
utilities, and new diversified companies has not been specified. It is a
 
possible horizontal integration for any company in the energy industry and
 
a possible vertical integration for the utilities.
 
More on the background of coal as a source of energy is found in
 
Section D.2.1 of Appendix D.
 
10.2.2 INCREASE THE USE OF NUCLEAR POWER
 
The success of the electrification strategy in energy conservation will
 
depend to a large extent on the participation of the nuclear energy industry
 
during the near time frame.
 
The justification for generating electricity from nuclear power is a
 
matter of economics and the desire to conserve fossil fuels for other
 
energy uses. The ratio of fuel cycle to total costs is lower for nuclear
 
than for fossil power plants. Thus, fossil generated electricity ismore
 
sensitive to fuel price increases than nuclear. The energy content of the
 
high grade uranium in the U. S. is about four times as great as that of
 
oil, gas, and coal combined.
 
Nuclear Energy Industry Based on LWRs (Enriched Uranium) and-HTGRS
 
This action contemplates the growth of the nuclear energy industry
 
in terms of Light Water Reactors (PWRs and BWRs), fueled with enriched
 
uranium (no plutonium recycle), and the High Temperature Gas Cooled
 
Reactors. Forecasts of njclear growth are sh6in in Fiqure J.2.2-1.
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The time frame considered for implementing this action (nuclear
 
power from LWRs and HTGRs) is the present through mid-term (1985). The
 
reason for selecting this time frame is that there is sufficient informa­
tion regarding nuclear power growth without the necessity of introducing
 
large uncertainties due to extrapolations.
 
The necessary manpower, materials and costs requirements to achieve
 
a 190 GWe nuclear energy industry by 1980 are based on the number of
 
reactors in operation, under construction, and ordered but in the plan­
ning stage (Figure J.2.2-2).
 
The fossil fuel savings obtained by generating electricity by nuclear
 
means is about 30 barrels of oil per day per megawatt of power operation.
 
This means that in 1985, with 190 GWe projected, the nuclear industry will
 
account for 5.7 million barrels of oil per day saved, or 42 billion over
 
the 30 year plant life (for 0.65 plant load factor).
 
The net effect of plant scheduling and the construction manpower
 
distribution is to shift the construction labor force to 1979 with a
 
maximum of about 94 thousand men. This labor force is distributed over
 
various areas in the United States.
 
The number of engineers required during the construction period can
 
be calculated by assuming that they constitute 13% of the work force.
 
One of the major obstacles to achieving the projected nuclear industry
 
growth is nuclear plant delays and cancellations. The factors respbnsible
 
for these delays are 1) equipment delivery delays, 2) equipment component
 
failures, 3) construction labor and equipment manufacturer employees
 
strikes, 4) rescheduling difficulties with associated facilities, 5)changes
 
inregulatory procedures, 6) prolonged regulatory procedures, 7) legal
 
changes at federal and local level, 8) challenges by intervenors at federal
 
and local level, 9)material shortages, 10) low productivity of labor,
 
11) weather conditions, and 12) shortages of construction labor.
 
According to an Atomic Industrial Forum survey, conducted in-December,
 
1973, of 95 power plants under construction or awaiting construction
 
permits, there were 46 delays of 47 plants under construction, 24 delays
 
of 48 plants awaiting construction permits. The average delay time for
 
all cases was greater than two years.
 
The low productivity of labor and associated declininq placement rates
 
of materials during construction are believed to stem from a combination
 
of factors: excessive design changes, increased quality control, undesirable
 
working conditions (congestion and activities of several crafts in one
 
area)-, and insufficient engineering prior to the start of construction.
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Capital cost escalation is incpart responsible for some power plant
 
cancellations. Costs have risen from $240/KWe for plants commissioned
 
in 1969 to about $750 to $800/KWe in 1975 for plants scheduled for
 
comoletion in the early 1980's [Budwani-75].
 
Safety Impacts
 
The overriddinq counteractions in the nuclear energy picture
 
are plant safety and waste disposal. Appendix J reviews briefly
 
the Rasmussen report [AEC-74-4]. This report indicated present designs
 
have high relative safety. However, many eminent scientists and
 
engineers and others have raised valid criticisms of the methodology
 
and assumptions. There is no consensus on nuclear safety.
 
Inconnection with the results of Draft WASH-1400, the American Physical
 
Society (APS) study group on light-water reactors safety [ERMP-75,S5-7]
 
concludes and makes the following recommendations:
 
That the fault-free methodolocy can have merit in assessing
 
relative performance of reactor systems, and in cases involving
 
very low probabilities there is no basis for confidence in the
 
calculated absolute values of the probabilities of the various
 
branches in the event tree analysis.
 
For the same conditions assumed in the analysis, substantially
 
larger long-term consequences can be predicted in land damage/
 
denial and possible latent cancers in individuals who live in
 
the areas which are contaminated below the evacuation threshold.
 
The Nuclear Regulatory Commission (NRC) requires that physical security
 
plans for protection against material theft and sabotage be submitted with
 
each application for power plant operating license, and it will not approve
 
an application unless these plans are judged to be adequate [BUCHANAN-751.
 
Part 73 of the Title 10 in the Code of Federal Regulations provides
 
for the protection of special nuclear materials at facility sites.
 
Increasing safeguarding requirements in the nuclear fuel cycle will
 
make it highly improbable that special nuclear material could be diverted.
 
However, in the unlikely event that theft takes place, proper training and
 
special capability are needed to handle plutonium safely. A large .e&fortf
 
at a great personal risk is involved:
 
Assuming that a nuclear device could be put together by a group of
 
people, would it work? Methods to accomplish sabotage or terrorist acts,
 
other than nuclear, exist today that can produce large public impacts with
 
greater certainty and with lower levels of personal risks.
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Safeguards in the nuclear fuel cycle will add to the cost of the
 
electricity generated by nuclear power. The investment iswell-justified

considering the potential impacts on public health and safety and national
 
security.
 
Waste Heat Impacts
 
At the present time, the electric power industry isresponsible for
 
three quarters of the national usage of cooling water [AEC-73-3]. As miqht
 
be expected, fossil fuel plants are the major contributors to the discharge

of waste heat because they are the predominant type of power olant. However,
 
ifthere is a rapid orowth of the nuclear power industry, the situation will
 
change and waste heat rejection will suffer an increase. This isdue to the
 
fact that the nuclear power plants (mostly current LWR's) operate at a
 
somewhat lower thermal efficiency (33%) than most modern fossil fuel plants

of the same capacity (around 40% efficiency). Inaddition, 10% of the
 
heat from fossil fuel plants is discharged directly into the air through
 
the stack. For the above reasons, nuclear power plants discharge about one­
third more waste heat to cooling water than do modern fossil plants of the
 
same capacity [AEC-73-2].
 
Although advanced reactor concepts (HTGR, the breeder) will have
 
efficiencies comparable to the most advanced fossil fuel plants, their
 
eventual widespread use will not eliminate waste heat problems. The rate
 
of increase of electric generating plants, and thus the waste heat produced,
 
is so rapid that the relative efficiency of the plants is not the single
 
most important factor in alleviating the problem.
 
Consult Appendix J.2.2 for data on waste heat and climatic effects.
 
Nuclear Waste Disposal Impacts
 
Current NRC regulations require that commercial fuel reprocessors
 
convert all high-level radioactive wastes to a stable solid material
 
within 5 years after separation in the fuel reprocessing step, encapsulate

them in stainless steel canisters, and ship them to a federal repository

within 10 years of its production for long-term management by NRC-ERDA.
 
ERDA has a waste management program (funding for 1976 is $36 million)
 
which includes the site selection and conceptual design of a pilot plant

facility for disposal of radioactive waste in bedded salt mines. Invest­
igation of disposal inother geologic formations is also being considered
 
[AEC-74-1]. The overall objective of this program isto have facilities
 
for the permanent disposal of nuclear waste demonstrated and in full­
scale operation around the mid-1990's
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In the meantime, NRC is moving ahead with a project to construct
 
a federal repository at an undesignated site for retrievable storage of
 
high-level waste from commercial fuel reprocessing plants. This is re­
ferred to as the Retrievable Surface Storage Facility (RSSF). The RSSF
 
will safety store the nuclear wastes above ground and in a manner that
 
will enable the waste to be retrieved for a more permanent disposal.
 
The design criteria of this facility is that the nuclear waste can be
 
safely isolated for centuries, if necessary.
 
The optimal flexibility of near-surface storage is acquired at the
 
expense of extensive surveillance, and could leave the wastes vulnerable
 
to acts of man such as war and sabotage.
 
Impacts due to nuclear waste disposal, other than high level, are
 
presented in qreat detail inAppendix C of [MEGASTAR-74J.
 
Economic Impacts
 
There seems to be no serious economic impacts in achieving the
 
nuclear rowth as projected by actual commercial power plants ordered
 
through 1985.
 
A potential obstacle to the growth of nuclear power could be the
 
capital cost escalation. Presently, capital cost is about three times
 
more than itwas around 1969.
 
Additional costs are those related to the security program needed
 
in the fuel cycle to prevent the loss or diversion of special nuclear
 
materials and the decommissioning of nuclear power plants after their
 
useful life.
 
10.2.3 IMPROVE OPERATIONS OF PUBLIC UTILITIES
 
Since the action as stated is very complex, a basic distinction will
 
be made at the outset. Although the two are very strongly interrelated,
 
the technology and economics of utility operations are dealt with separately.
 
Logically, the former is included inthe latter.
 
The electrical utilities are facing many challenges resulting from
 
rising costs of generator fuel and deteriorating load factor (average load/
 
peak load.) The load factor is particularly important because capital
 
requirements are driven by peak loads, whereas revenues are derived from
 
This situation forces utilities to retain older, inefficient
total load. 

generators to meet peak loads, or to acquire relatively expensive new
 
peak generators (typically simple cycle turbines inefficiently burning
 
scarce fossil fuels) for peaking purposes.
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Load-shaping technology is concerned with the maximization of the
 
use of the more efficient base-load generators by minimizing load peaks
 
through the applications of such technology as storage devices, power pools,

and ripple load controls. Generally, there are two basic methods for re­
shaping of a utility's load curve through cooperative action with affected
 
customers. Indirect methods involve creating customer inducement to shift
 
demand away from system peak leaving to the individual customer control
 
over the extent to which his particular load at system peak is reduced.
 
Direct methods of load management vest a smaller degree of load choice in
 
the customer, while giving the utility direct control over certain portions
 
of its load. While the customer may retain some power to decide his load,
 
once he does place a load on definable service, he relinquishes immediate
 
control over the supply of electricity to that load.
 
10.2.3.1 THE TECHNOLOGY
 
Two areas of greatest need for advanced technology are storage
 
and transmission.
 
Energy Storage Systems
 
The basic dilemma for most electric utilities are marked daily, weekly,
 
and seasonal variations indemand of electric power. Thus, a utility must
 
generate power economically over a large swing of the electric load. At
 
the same time, its generating capacity must be large enouqh to satisfy the
 
maximum demand plus the reliability requirement of a sizeable system reserve.
 
Base load plants are used to serve the part of the system load that
 
continues for 24 hours a day throughout most of the year. They are designed
 
to operate with the highest level of efficiency and reliability on the least
 
expensive fuels. Base load generation is now served primarily by modern
 
fossil steam plants. Nuclear steam plants will serve an increasing fraction
 
of the base load.
 
The intermediate load range, which comprises the broad daily demand
 
peak of a typical utility, is served by several different types of genera­
ting equipment. This equipment typically comprises a utility's older, less
 
efficient fossil steam plants and gas turbines.
 
The peak load demand, which may range from a few hours to perhaps ten
 
hours a day, is usually satisfied by a system's oldest and least efficient
 
fossil steam plants and increasingly by gas turbines.
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Energy storage systems must, however, meet the utility-type standards
 
for operating life, reliability, safety and environmental compatibility of
 
generating equipment. Moreover, the total annual cost of electric energy
 
obtained from energy storage systems must be equal or less than the cost
 
of energy from non-storage equipment used for peaking.
 
If electrical energy could be generated during times of low demand
 
(at night for example) and stored for use during times of high demand, there
 
could be the following beneficial results:
 
Storage units could effectively increase the capacity of the
 
power system with energy generated in off-peak hours.
 
Storage units could enhance the overall economics of the power

plant by altering the larger and more efficient steam base load
 
units to account for more of the total-power generated.
 
Energy storage could also reduce the requirement for increasingly

expensive fossil fuels used for intermediate power generators by,
 
coupling storage with nuclear generation.
 
Energy storage could form part of the utility system's spinning
 
reserve, if the stored energy can be delivered at sufficiently
 
high rates.
 
At present, the three most attractive options appear to be batteries,
 
underground pumped hydro, and compressed air storage. Batteries have the
 
edge because of transmission and distribution credit potential derived
 
from dispersing them throughout the system. Thus, concentration of research
 
and development efforts on these three types of storage is recommended.
 
Advanced Transmission Systems
 
The electrical industry is faced with a need for dramatically larger
 
generators to optimize the utilization of larger new power sources such as the
 
gigawatt-capacity fast breeder reactor. For the first time in the evolution
 
of power generators, superconductivity is available to the electric machine
 
designer. According to [Flynn-73], the technological leadership in super­
conductivity machinery in the U. S. could help reduce generator imports by
 
up to 50%. The technology can be exported profitably by U. S. companies

through licenses and joint ventures. On the other hand, the availability

of less costly and more efficient means for underground transmission of
 
large blocks of power may be a significant factor indetermining the ability
 
of electric power industry to meet future demand. The present technology

of underground power transmission has much to be desired when one looks
 
ahead to the anticipated requirements. Underground superconducting power

transmission lines appear to be an attractive alternative to present
 
technology. [Meyerhoff-73]
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10.2.3.2 THE ECONOMICS
 
Electric utilities, whether privately or publicly owned, are regulated
 
monopolies in the power industry. Much of the rate regulation comes from
 
state and public utilities commissions. The Federal Power Commission
 
establishes accounting practices while the Securities and Exchange Commission
 
regulated equity and bond issues. Several other agencies are involved with
 
siting plants, rights-of-way, environmental standards and many other areas.
 
As noted in Chapter 1, each of these regulations enters into the profit cal­
culation of the utility. The revenues come from the sale of electricity.
 
The costs involved are largely plant construction and'heavy machinery, but
 
include operation and maintenance costs. The latter do not vary significantly

with output. Some of the money for fixed investment comes from internal
 
savings and some from the money markets. Taxes are paid on the difference
 
between revenue and income. Table J.2.3.2-4 gives an example of an income
 
statement of the Alabama Power Company for 1973 [APCSR-74]. This focuses
 
the preceding discussion, and provides an anchor for the discussion of sub­
actions. The subactions discussed in this chapter are essentially a
 
combination of those suggested in Project Independence.[PI-74], the National
 
Power Survey [FPC-FO-74] and various other sources. They are by no means
 
original to this study, but they remain important areas for policy chanqes.
 
The Rate Structure
 
The most obvious action that can be taken by any public service commis­
sion. is to allow an increase in electricity prices. This has an immediate
 
effect on the revenue of the utility. Many utilities have been allowed
 
rate increases over the past several months. In,fact, automatic fuel
 
adjustment has become part of many rate calculations.
 
The pricing-of outputs of electric utilities has been a problem facing
 
society for several decades. In this industry with extremely large fixed
 
costs relative to operating costs, the economies of scale cause the per kWh
 
(average) cost to decrease as output increases. The cost.(marginal) of
 
producing each additional kWh decreases faster than the average. Itwould
 
be most desirable for the price of a kWh to be set according to the
 
amount it costs the utility to produce that kW. This assumes that the
 
reward to management activity (normal Profit) is included as a cost to the
 
firm.
 
One problem with pricing electricity according to marginal costs is
 
that since these are always below unit costs, total costs will exceed
 
revenues and profits will be negative. Another problem is that ifthe
 
rule of setting'orice eoual' to marginal costs isnot followed, the attempt
 
will always 'be made by the firm to increase output until size problems
 
become unmanageable.
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There isample justification, then, for concern about utility rates.
 
Some suggested pricing plans are to price at marginal cost and make up the
 
difference from state and local tax revenues, price at average cost to
 
break even, or charge a fixed fee to use the service and price the output
 
at or near marginal cost. The latter iscurrently used inmany of the
 
utilities today.
 
A second important area relating to rate structure is the peak
 
versus non-peak usage of electricity.
 
Figures 10.2.3.2-1, 10.2.3.2-2, and 10.2.3.2-3 show the representative

daily, weekly and yearly peak loads for a metropolitan utility. As mentioned
 
above, the utility must maintain the capital equipment to deal with the
 
peak demand. Older and more inefficient equipment isused to achieve
 
the peak, causing costs to rise. Depending on the size of the peak to trough
 
gap, other equipment must also lie idle. Idleness is a property of plants

under construction. The construction of the hardware usually takes about
 
f6ur years, while the legal and environmental processes last for an indefinite
 
period, especially for nuclear plants.
 
The daily load profile shows that the seasonal factor also enters
 
the picture. The weekly picture shows that the difference between the day

and night periods is roughly 2.5 Gigawatts. With an average load factor of
 
61% [Rybeck-76J, the utilities need to increase the load for which there is
 
a constant demand over time. This comes in large part from the big users,
 
and is sh6wn as base load in Figure 10.2.3.2-3. Demand above base load for the
 
two utilities occupies a relatively small percent of time. This isdetrimental
 
due to the capital requirements mentioned above. Base load users are given

preferential rates because of their large reliable purchases. This isthe
 
third area of importance inthe rate structure.
 
Inmany places of the world and in the domestic telephone utilities,
 
the customers are charged different prices for peak and non-neak uses.
 
This increases the revenue of the utility from per-unit peak sales, but
 
also is intended to discourage peak use and encourage use during off-peak

hours, InFigure 10.2.3.2-2, this would be seen as flattening the tops

and raising the valleys.
 
Electric utilities have been asking for action by qovernment related
 
to their rate structures. They have generally been qranted rate increases,
 
even to the extent of having automatic "fuel adJustments" to customer
 
utility bills. Higher prices are expected to decrease demand. The degree
 
to which this occurs depends on the price elasticity (cf. Section 1.2.1
 
Chaoter 1) of electricity. The latter has been estimated to be around 1
 
FHouthakker-74]. This meahs, for example, that if rates qo up by 2n%,
 
electricity purchased will go down by that amount. The important thing

isnot that demand go down per se, but that itgo down selectively.
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Peak electricity pricing has not been instituted in the U. S. at the
 
time of this writing. Its prospects are uncertain. Project Independence

[PI-74] estimated that the savings resulting from a 10% reduction in peak

load via pricing and/or the metering, transmission and storage techniques

mentioned above, would be approximately 2.6 quads by 1985.
 
There is currently a popular movement to remove price discrimination
 
by electric utilities. At the present time, small users are charged

higher prices than large users. This is said to encourage increased use
 
of electricity, contrary to conservation by reduced use. Utilities anpear
 
to obtain more revenue from this type of discrimination since one class of
 
users cannot buy cheaply and sell to the other. The buyers' demands are, of
 
course, different. Utilities basically want to reward large users for
 
providing base load demand by charging lower rates. An inversion
 
rate structure will most likely make the utilities position worse, given
 
that they iust reward their investors. The people's position may also
 
be made worse by a move which ostensibly seems to help them.
 
Regulatory Reform
 
Along with rate modification to help in peak-shaving, the Technical
 
Advisory Committee on Finance of the National Power Survey [FPC-FO-74]

recommends a strong movement to implement precise cost control by utility
 
managers, an education program to make the oublic aware of utility problems,

and regulatory reform. The latter would entail
 
Streamlining accounting practices (FPC) to maximize internal
 
cash generation
 
Stimulate and reward overall savings and investment (Federal
 
Reserve-Board)
 
Re-evaluate environmental goals
 
Continue utility joint-ownership and financing
 
The first action includes the retention of several accounting orac­
tices (e.g., investment tax credits and accelerated depreciation) that
 
have benefitted utilities in the past. New suggestions are to increase the
 
investment tax credit, extend the use of favorable depreciation rules,
 
include plants under construction as a current expense inrate base
 
determination, normalization ("...spreading tax benefits related to plant

investment over the.useful life of the plant..." [FPC-FO-74J), tax
 
deferrals, and price-level indexing policies.
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The second action basically would be implemented through manipulation
 
of interest rate. Itwould not be expected to have much success during

the current inflation.
 
The strong impetus to redeem the U. S. ecological system has led to
 
many restrictions on power plant siting and operation. The third action
 
suggests that a more careful calculation of the costs and benefits of
 
the environmental standards be undertaken. This will be particularly
 
important if coal and nuclear power are used more extensively. Current
 
emission-control technology is very expensive and costs increase rapidly as
 
the percent removal removal requirement approaches 100. If standards are
 
lowered, utility profitability will be enhanced.
 
The last action re.lates to the benefits of pooling financial resources,
 
and may have an important role in establishing increased interregional
 
transmission of power.
 
Combined Effects
 
As noted above, rate structure and regulatory changes affect profits
 
in analogous ways. Under the present private enterprise system (80% of
 
utilities are investor owned), profits must be large enough to reward
 
investors and contribute to future construction plans. Table D.2.2-5
 
shows that during the most recent period of growth of electricity, the
 
percentage of construction funding generated internally has decreased
 
significantly. This causes uti'lities to qo to the ffnancial markets
 
and pay higher prices for the money needed. This, then, has further
 
depressing effects on profits.
 
10.3 ACTIONS IN OTHER SECTORS
 
A strategy as broad as electrification involves significant inter­
action among the sectors. In this section, the most important actions
 
in industry, transportation, and residential/commercial sectors will be
 
considered.
 
10.3.1 INDUSTRY
 
The justification of electrification within industry is primarily a
 
matter of shifting from direct energy fuel use. There are process areas
 
which can make changes that decrease energy use, such as furnace tech­
nology in the steel refining industry.
 
The requirements for a shift to electric furnaces in the steel indus­
try are economic growth, available capital, integrated process, large
 
scale electric generation and reliable supplies of scrap steel. Economic
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growth and available capital are general concerns with any major shift
 
in technology. There is always cautious optimism within a given industrial
 
sector. The integrated process is necessary to make energy savings and
 
requires major process changes Prior to the point of using the electric
 
furnace. The requirement of large scale electric oeneration isnecessary
 
to insure a reliable supply of electricity over the lifetime of the
 
process equipment. A reliable supply of scrap steel is the critical
 
issue to make the shift an energy saver. Scrap steel is introduced to
 
eliminate a sizable portion of prior energy consumption.,
 
The time frame for the shifting action is effectively 10 years. A
 
major shift from the open hearth to basic oxygen furnaces was accomplished
 
over 10 years with the-effect of reduced energy consumption for the steel
 
industry.
 
The potential impacts of the shift to electric furnaces are integration
 
and increased flexibility of steel refining. The integration would
 
give steel manufacturing increased flexibility and provides a technical
 
means for the Production of alloy steels.
 
.Among the major obstacles is the reliability of iron scrap recycling.
 
It is difficult to provide an effective removal of discarded products from
 
the waste stream without large social, Political and economic imoacts. The
 
most general obstacle is economics since there is a trend toward
 
business-as-usual rather than making major shifts in technology.
 
The concept of cogeneration as a possible enerov conservation
 
action has been discussed in Section E.5.2. Although this action offers
 
considerable savings due to the increased efficiency of the process
 
which utilizes the steam produced during electrical Generation, many obsta­
cles to its implementation exist. Some of the most obvious barriers to
 
implementation have been di.scussed in Sections E.5.2 and E.5.6. A great
 
deal of cooperation between utilities and industry would be required in
 
order for the concept to be viable. However, if the additional capacity
 
needed by utilities could be provided by retrofitting industries capable
 
of cogeneration, perhaps a reduction in caoital expenditure as well as
 
a reduction in energy consumption could be obtained.
 
The industrial sector is the largest user of electrical energy,
 
accounting for 70 percent of consumption in 1972. The wide range of
 
power uses, counled with the relatively large blocks of power used by
 
industrial customers, suggests many possible load managemeht technioues.
 
Three aspects of load leveling exist:
 
InterruDtible power
 
Permanent shifting of loads to off-peak so that times of
 
peak power use do not coincide with utility's peak demand
 
Peak self-generation and storage of energy during off-peak periods
 
for use in peak periods.
 
It is obvious that the extent to which these techniques (or some
 
combination,) are applicable to a specific industry must be determined by
 
some in-depth analysis.
 
In general, industry is reluctant to accept anything but a defined
 
frequency and guaranteed very limited duration of interruption. It
 
is known that smelting is the most energy intensive process -- the pro­
duction of aluminum. Although current practice is tooperate con­
tinuously, there is a good possibility for shutting down for up to a
 
maximum of four hours daily during on-peak hours. The price would include
 
the installation of additional cells and the hiring of operating personnel
 
to maintain daily production levels. Itmay not be necessary or desirable
 
from a load management point of view to consider interruptions of power
 
each day throughout the year. For interruotion only during utility
 
seasonal peak demands, a better measure of the cost to the industrial
 
customers might be the total value of output.
 
There is also little success in gettino industry to shift its
 
pattern of electricity consumption (to three shifts if less are used;
 
to weekends; to daily off-peak periods.) This isascribed to the fact
 
that the savinos in rates would not justify the cost of additional
 
investment and/or labor costs. For many industries, electric energy
 
constitutes'only a small fraction of total energy use and total
 
expenses. Rate differentials would have to be very significant before
 
industry changes its pattern of consumption. However, there appears to
 
be a Potential for a significant shift to off-peak electric energy for
 
iron melting in foundries, electric steel making, qlass melting, and
 
crushing and grinding in industries such as cement.
 
Energy storage through pressurized air represents a viable load
 
management technique for industry. Load management can be accommodated
 
with the addition of a receiver which would provide sufficient storage
 
during peak demand periods.
 
One should not forget the societal effects of restructuring the
 
working hours in case of added labor for new shifts. A common deterrent
 
to second and third shift operations in industry is the inability to
 
attract qualified workers. Inaddition, schedules may have to be flex­
ible as utility system demand patterns change due to either increased
 
electricity use or the adoption of load deferral techniques by other users.
 
10.3.2 TRANSPORTATION
 
Many important areas of impact are found inthe transportation sector.
 
These include fixed-rail systems, battery-dperated systems and alternate
 
fuels made from electricity. Since these alterations of end use rely
 
on complete systems redesign and considerable as yet undeveloped tech­
nology, they will be discussed inAppendix J.
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10.3.3 	ELECTRIFICATION OF RESIDENTIAL AND COMMERCIAL HEATING, VENTILATIN,
 
AND AIR CONDITIONING SYSTEMS.
 
The principle change here is the adoption of heat pumps and limited
 
thermal storage.
 
10.4 CONSERVATION FEEDBACK AND IMPACTS
 
The question has been pending whether or not electrification implies
 
conservation. This-can be answered with reference to the three modes of
 
conservation.
 
If electrification is built largely on coal and nuclear fuels,
 
then itwill achieve conservation through substitution for
 
domestically scarce fuels.
 
Given the 60-70% energy conversion losses of power plants, the
 
use'of efficient electric devices such as the electric furnace,
 
electric car and electric heat pump can partially make up for them.
 
Ifcoal 	and uranium are in high demand due to the scarcity of
 
other fuels and rigidities in production and conversion, then the
 
krice of electricity most likely will increase relatively more
 
than other prices. This will cause a reduction in the con­
sumption of electricity.
 
The major area of conservation aooears to be that of substitution for
 
oil (especially imported oil) and gas. Power plant conversion efficiencies
 
apparently cannot be easily improved in both the technological and economic
 
senses. The average coal and nuclear olants are respectively about 4n%
 
and 33% efficient. The rest of the energy is essentiallv lost in the present
 
system. The degree to which these losses are made un by electric devices
 
depends, of course, on how technically efficient they can become and
 
how widespread their use. Conservation by curtailed end-use may be-motivated
 
by higher electricity orices, but will depend on a myriad of other forces.
 
Although the latter are discussed in several other places throughout this
 
report, no'assumptions about them will be made here.
 
The major impacts of electrification in the energy industry itself are
 
well-known. Among them are:
 
Topographical disruption will result from strip mining and deep minin(
 
Labor will shift to coal and uranium regions and to electric
 
industy-related occupations.
 
The transportation of fuels will be accomplished to a greater
 
extent by improved railroad systems.
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Electrification will mean a proliferation of power plants. Some
 
effects associated with these are:
 
Pressure on money markets if the capital-intensive public
 
utilities are not able to obtain internal financing.
 
Siting problems caused by waste heat and other discharges into
 
the surrounding air and water.
 
Increased rights-of-way needed by transmission lines causing
 
esthetic problems.
 
Power plant proliferation implies a movement to central station con­
version from direct fuel use. This will concentrate environment discharges,
 
allegedly away from population areas. The climatological effects of
 
concentrated emissions are becoming significant as the size and number of
 
these plants increase. This isof special importance since there are now
 
advocates of clustering several plants in certain geographical areas.
 
The major capital problem of the electric utilities is apparently the
 
peak load problem. Utilities must maintain the capacity to supply its
 
consumers needs during heavy use periods. As noted-above, they generally
 
use older and less efficient equipment to cover the peak. Also, other
 
equipment isleft idle if the trough is deep. This isvery expensive for
 
the utilities. They are trying to encourage off-peak use as well as
 
increase their base load. Some of the actions mentioned above are important
 
for peak leveling. These are the use of storage, peak metering and peak
 
pricing.
 
There are particular problems associated with the nuclear industry.

A potential obstacle to the growth of nuclear power could be the capital cost
 
escalation. This has been, in part, responsible for some power plant
 
concellations. Costs have risen from $240/kWe for plants commissioned
 
in 1969 to about $750 to $800/kWe in 1975 for plants scheduled for completion
 
in the early 1980's.
 
Additional costs, which at the present are not factored into the
 
price of electricity, are those related to the security program to
 
prevent diversion of special nuclear materials and the decommissioning
 
of nuclear power plants.
 
Nuclear waste management is an area of great concern. At the present

time, there does not exist a permanent type waste disposal method for high­
level radioactive wastes. Long storage of high-level waste is under research
 
and development and an acceptable disposal method is not to be available
 
before 1995.
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A reactor safety study, Draft WASH-1400 FAEC-74-4J, made a realistic
 
estimate of the risks from potential reactor accidents and compared them
 
with non-nuclear risks to which our Present society is exnosed. The results
 
clearly indicate that non-nuclear events, such'as fires and air crashes,
 
are about 10,000 times more likely to produce large accidents than nuclear
 
plants. Also, nuclear plants are about 100 to 1000 times less likely to
 
cause comparable large dollar value accidents than other sources. The
 
study also concludes that the number of injuries from a reactor accident
 
are insignificant compared to the 8 million injuries caused annually by
 
other accidents.
 
The potential of Plutonium as weapons-qrade material and as a hiqh

radio-toxic biological poison presents a dangerous situation to national
 
security and public safety. Increasing safeguarding requirements in the
 
nuclear fuel cycle will make it highly improbable that special nuclear
 
material could be diverted. However, in the unlikely event that theft
 
takes place, proDer training and snecial capability are needed to handle
 
Plutonium. A larqe effort at a great personal risk is involved.
 
Nuclear power plants discharge about one-third more waste heat to the
 
cooling water than do modern fossil plants of the same capacity. Heat
 
releases from large power plants are comparable with the heat discharges

from other events that have caused perturbations and climate chanes of
 
appreciable magnitude.
 
The factors involved in an analysis of the effects of thermal loading

of a particular aquatic system are very complex, and no single index (such
 
as a change in fish catch) can provide an adequate testimony to the effects
 
of a particular installation.
 
Based on.DOT accident statistics, we can calculate how many accidents
 
involving nuclear shipments might be expected each year. Assuming lOC,nOO
 
truck-miles per year of transportation for each nuclear power plant and
 
with lqf such plants by 1985, one can expect about 10 accidents per year..

Those accidents will produce 24 injuries and about 3 deaths per year. In
 
the case of rail shipments, assuming 15,0OO railcar miles per year per
 
reactor, there miqht be about 5 accidents with 11 injuries and'll deaths
 
oer year. These deaths afid injfries would not be related to the nuclear
 
nature of the.shioment.
 
The vast majority of accidents involving nuclear shipments will result
 
in no release of nuclear materials, or injury or death due to radiation.
 
In the Price Anderson Act there are no provisions for damages produced
 
by misuse of nuclear materials at locations other than nuclear plants and
 
planned transoortation routes.
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Except for the peak problem, these impacts are common knowledge to
 
most Americans. Each action, however, entails secondary and higher-order
 
impacts. Figure 1.2.3-1 in Chapter 1 can be used as a guide to trace these
 
through the system. The time and resources of this study presented a
 
constraint on how'well these ripple effects could be analyzed. Some of the
 
more important of these are mentioned:
 
Energy Industry -- Industry Interface. The electric furnace
 
can be utilized more extensively. Cogeneration of process heat
 
and electricity may occur. Industry must produce the
 
electrical equipment for other sectors.
 
Energy Industry -- Transportation Interface. Electric vehicles
 
and rail systems may present night-recharging load for utilities.
 
Alternate fuels may be generated at power plants.
 
Energy Industry -- Residential/Commercial Interface. Electric
 
heat pumps, ranges antid water heaters will increase electric 'load
 
demand, some of which may occur at peak periods. People must
 
adapt to mass transit and other sources of life-style changes.
 
Conservation in general will most likely have ambivalent effects on
 
the energy industry. Through increased efficiency, substitutions for
 
scarce resources and curtailed use in the energy system, the total energy
 
used will probably go down. Substitution of fuels, however, does not
 
necessarily imply this.
 
The effect of conservation on public utilities has been estimated
 
in [Rybeck-75] for 1980. As shown in Table 10.4-1, conservation appears
 
detri-mental in almost every area. Selected reduced use, i.e., in peak
 
periods,-will be the-greatest boon to the electric industry.
 
More studies must be done on the net energetics of electrification.
 
This was attempted in Section C.3 of Appendix C. In terms of the criterion
 
of decreased dependence on OPEC, electrification does well. It remains
 
to be determined how well it meets the criteria represented by the will­
of the majority inthe U. S. today.
 
The conclusion of the group is that electrification can be a conservation
 
strategy. It has both positive and negative impacts, and the relative
 
weights must be determined. It most likely will be a large part of the
 
U. S. energy future, even by 1985.
 
10.5 RECOMMENDATION
 
The following list summarizes the major recommendations that relate
 
to the study of electrification. Probably the most important ones belong
 
to the improvement of the load-factor (which is the -backbone of the utili­
ties) and to the rate structure(see Figure 10.4-1).
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TABLE 10.4-1. COMPOSITE PROJECTED TO 1980
 (7PERCENT INFLATION INLABOR AND MATERIALS AND
 
9 PERCENT COSTS OF Aa BONDS) [Rybeck-75] 
1/1/75 11180 
Management Philosophy Historical Conservati6n Managed 
Growth Strategy Growth 
EWh growth rate 7% 2% 10% 
I'oa k load growth 8% 4% 8 /0 
lnd factor 61% 55%. 67% 
l'arnings/share $ 2.38 $ 1.68 $ Z.83 
Common stock prices $19.00 $15.31 $26.92 
Bond' rating Aa Baa Aaa 
/kWhl 2. 43# Z.85# 2.81 
Rate Increase 3.7% 3.7% 
Capital Requirements 
Total (millions $) 64,500 134,400 
Internal (millions $) 31,400 38,700 
E'xternal (millions $) 33,100 95700 
U1 ility Long-Term Financing as 
a Vercent of Total Capita] Avail. 11% 4.4% 12.8% 
ORIGINAUJ PAGJ IS 
OF POOR QUA= 
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Create a more stable base for future coal, nuclear and hydro
 
generated electrification of the economy, as an alternative to the
 
direct combustion of scarce fossil fuels.
 
Increase efficiency such that by 1985 the annual growth rates
 
of electricity usage (kWh) and peak demand (KW) should be cut from
 
their historical seven percent to no more than five percent and
 
four percent respectively.
 
By 1985 the average load factor should be improved from the
 
present 62 percent to about 69 percent.
 
Expand transmission system interconnections (power pools) to
 
improve-efficiency, reduce the requirement for inefficient peak­
load generators and to maximize the use of installed capacity.
 
Provide conservation merit awards and widespread publicity

for those utilities which have taken positive actions to reduce
 
inefficiencies in the generation, distribution, and end use of
 
electricity.
 
Perform an analysis of the potential for improving efficiencies
 
of installed electric power generators, as well as improving state­
of-the-art conversion efficiencies of new plants.
 
Encourage mixed heating systems where the relative proportions

of storage and direct heating are set to minimize capital plus
 
operating costs, and to avoid the uneconomical design of a heat
 
pump to supply peak heating demand on the coldest days of the year.
 
Adopt-an off-peak tariff for storage heating on a separate circuit
 
with separate metering.
 
Develop methods and equipment which would permit work on
 
energized overhead and underground conductors to be performed
 
rapidly with maximum safety to workmen.
 
Initiate programs to improve communications and interchange

of personnel between the aademic community and the electrical
 
utility industry.
 
Perform extensive studies to determine relationship between
 
energy price and the amount of energy used (elasticity studies.)

Studies should include: elasticity by class of service, and by
 
states or appropriate regions of the nation.
 
Develop detailed information on the cost of service by customer
 
class and by time of day (for example: on or off peak.)
 
Study the roles of the tax and regulatory systems in perpetuating
 
or changing demand patterns by means of depreciation policies,
 
depletion allowances, tax subsidies, zoning regulations, and
 
building codes.
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Establish comprehensive research program directed toward the
 
development of understanding of the determinants of energy demand.
 
This will shed the light on the factors which determine economic
 
elasticities of demand, and also illuminate the relationship
 
between energy use and standard of living.
 
Support demonstration projects for cryoresistive 800 K systems.
 
Establish applied research on properties of cryogenic materials
 
(dielectrics; superconductors to operate above 120 K).
 
Required engineering development of: improved cryogenic insulation;
 
reliable installation techniques; efficient, more reliable and
 
less expensive cryogenic refrigeration.
 
Establish demonstration projects of AC & DC superconducting
 
systems.
 
Explore development of cryogenic terminal equipment.
 
Use of hybrid systems such as maraging steel flywheels for
 
regenerative energy storage. This would save losses during

braking downhill and/or to a stop. More important, itwould
 
help provide the added power needed for acceleration and going
 
up grade. This means a smaller size requirement and also lower
 
peak demand -- a vital factor concerning rates from the electric
 
utility.
 
To capitalize on electrification, the railroads could
 
own and-operate electric trucks and material-handlin
 
equipment at each terminal. Inthis fashion, they could move
 
the goods to the customers' doors and thus capture
 
freight business now handled by trucking firms.
 
In the passenger realm, promote use of the auto train. In this
 
manner, the passenger's automobile (perhaps electric) would go

along with him. He would not refrain from riding the train
 
simply because he needed his car at his destination.
 
As an alternate and/or supplement to the above, the railroads
 
could doubtless attract more passengers if they could provide
 
a low-priced auto rental (probably electric) at each terminal.
 
Again, the passenger would have the advantage of flexible automo­
tive transportation at his destination without the expense and
 
fatigue of the long driving trip on the highway. Furthermore,
 
this would overcome the disadvantage of the short cruising

radius of the electric automobile. Itmay prove less risky

for the railroad to rent battery powered vehicles than those
 
fueled by gasoline.
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CHAPTER II,DIVERSIFICATION OF ENERGY SOURCES 
This chapter introduces the, concept of energy source diversification
 
as a substitutional conservation action. The current status and philosophy
 
behind a diversification program is presented in the context of a national
 
energy policy. Advantages, disadvantages (constraints), and methods of
 
implementation for diversification are discussed. The energy source
 
systems for diversification are listed and an example impact assessment is
 
outlined which deals with the water requirements of the specific energy
 
systems. Further details of the diversification study are given in
 
Appendix K.
 
11.1 DEFINITION AND BACKGROUND
 
11.1.1 DEFINITION
 
Diversification, on the other hand, isnot an overall energy
 
conservation policy. It does not explicitly pursue methods for curtailment of
 
sector. Diversification, therefore, implies conservation through
 
substitution for scarce energy resources. Its philosophical under­
pinnings reflect an awareness of social, political, environmental, and
 
economic difficulties inherent in a program of energy system concentration
 
and seeks systematically to avoid them.
 
Diversification, on the other hand, is not an overall energy
 
conservation policy. It does not expliaitly pursue methods for curtailment of
 
energy use; tt does, however, advocate that energy-resources be used
 
more wisely and to that extent it compatible with any program which
 
emphasizes curtailment and greater efficiency.
 
11.1.2 BACKGROUND
 
Since the beginnings of industrialization in western culture,
 
societies have tended to become dependent on one or two major energy
 
sources. England, prior to the industrial revolution, relied primarily
 
on wood. As population and industry grew, wood became a scarce commodity.
 
Production and use of coal increased Until it became the dominant source
 
of fuel. A similar pattern of energy use has been plotted for the U. S.
 
and isdisplayed in Figure 11.1.2-1. Study of this figure indicates
 
that it has taken around 60 years for coal and petroleum sources to
 
grow from infancy to maximum use, at which point they begin to be
 
replaced by other sources. A policy focusing on diversification of
 
energy sources suggests a change in this pattern of growth and decline
 
of single energy sources.
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Diversification implies a desire for the future development of a
 
variety of sources, or at least a reduction inthe uncertainties concerning
 
a variety of sources so that options for choice will be available when
 
decisions need to be made. ERDA in its first National Plan [ERDA-48-75]
 
echos this purview by suggesting that one of its goals will be to shorten
 
the energy system maturation cycle from the historical 60 years to 30 or less.
 
Inreflecting upon the contemporary situation in energy and observing
 
historical trends, mind sets, attitudes, and public policy debate, it is
 
apparent that many contemporary energy problems are related to the fact
 
that the U. S. let itself become a "mono-energy culture" largely dependent
 
on petroleum sources. Insome sectors such as transportation, this dependency
 
upon petroleum is almost total. Because of the problems associated with such
 
exclusive reliance on one major energy source, many individuals and institutions
 
are beginning to ask if there might not be a better way to move into our national
 
energy future rather than to again get caught up in a nearly single supply
 
system.
 
11.2 THE SYSTEMS APPROACH TO DIVERSIFICATION
 
As outlined in Chapter 3, the systems approach is simply a logical
 
way to investigate a problem. The systems study of energy diversification
 
was initiated for the reasons alluded to in Section 11.1 above. Basically,
 
energy diversification appears to be a path the U. S. might follow in
 
the coming years. With this inmind, the systems diagram for the .study
 
of energy diversification was prepared as shown in Figure 11.2-1.
 
Objective
 
The stated objective of the diversification investigation
 
was:
 
Study energy diversification and its impacts.
 
Requirements
 
The requirements deemed necessary to meet the objective are listed
 
below (also see Figure 11.2-1).
 
Determine the current status of diversification
 
Determine the advantages and disadvantages of diversification
 
Determine the constraints and criteria
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FIGURE 11.2-1. SYSTEMS DIAGRAM FOR DIVERSIFICATION STUDY 
Determine diversification actions and their controls
 
Determine the means for implementing overall diversification
 
Assess the overall impacts
 
Each of these requirements isexamined in detail in the following

sections. The alternative methods for satisfying each requirement are
 
explored in order to allow trade-offs during the assessment stage of
 
the study (see Figure 11.2-1).
 
11.3 ADVANTAGES, CRITERIA, AND CONSTRAINTS
 
11.3.1 ADVANTAGES
 
The fundamental justification for an energetic diversification
 
program is reflected inthe overall advantages which it offers. As
 
will be seen inthe sections below, these advantages are potentially
 
enormous.
 
11.3.1.1 COMPETITION
 
A healthy economy presupposes vigorous competition. The diversification
 
program lays a foundation for encouraging competition
 
between suppliers,
 
between utilities,
 
between energy hardware manufacturers, and
 
between producers of energy using equipment.
 
Itmay, in fact, be possible, through increased competitiveness,
 
to effect a reduction in the cost of imported petroleum. This would
 
follow if the world demand for OPEC oil declined, but the potential

results may be even more dramatic. A demonstration of the feasibility
 
of a variety of alternate energy technologies could pose a potential

economic challenge to OPEC nations, but more important for the near term,
 
it would obviate arguments internal to some OPEC nations that running
 
out of oil is tantamount to running out of energy altogether.
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11.3.1.2 CRISIS SITUATIONS
 
A number of crises have arisen within the past few years, and to
 
a lesser extent within the past few decades, because of energy system

concentration within the United States. A diminution of the magnitude
 
and frequency of crisis situations is foreseeable as a product of
 
diversification. Problem areas which could be favorably affected by
 
diversification are those developing from:
 
Industry-wide labor disruptions. A multitude of industries
 
makes it difficult to affect energy supplies nationwide.
 
Monopolistic practices and pressures. Diverse supplies and 
suppliers would foster competition. 
Foreign embargos and price increases. Self-dependence is 
possible in the long run. 
Shortages of specific fuel types. Shortages would have
 
repercussions, but not of the magnitude we are presently
 
experiencing.
 
Mechanical breakdowns with system-wide cQnsequences. A
 
complete breakdown inone energy supply would not necessarily
 
affect other supplies.
 
Unforeseen impediments to technological development. Pursuing
 
a single (or few) promising supply sources might not 'pan out', and
 
would leave us with nothing for the future.
 
The first three crisis-related advantages listed above are political
 
in nature and generally reflect a decentralization of the power base
 
within the energy arena. The latter two listed advantages are derived
 
from diffused technology. We have experienced breakdowns and blackouts
 
within the past few years which were a consequence of single system
 
complexity; we can expect more. In a similar vein, technological
 
difficulties frequently arise in systems both before (as e.g., in
 
nuclear generation) and after (as e.g., with the Boeing 747) they are
 
put on line. Systems of the future are likely to exhibit similar
 
vicissitudes.
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11.3.1.3 LOCAL ENERGY PRODUCTION
 
One of the often overlooked features, which from a variety of
 
perspectives looks extremely exciting, is the potential for utilizing
 
resources proximate to the point at which the energy will be used. At
 
least three consequences of this are readily apparent:
 
Decreases transportation and transmission distances
 
Contributes to regional self-sufficiency
 
Feeds energy dollars back into the local economy
 
11.3.1.4 DECENTRALIZED PLANT LOCATIONS
 
Extravagant energy-producing schemes envisage massive developments
 
of the resources within a concentrated area. Along with the other
 
difficul-ties, this will cause rapid and extensive population build-ups
 
within the immediate area and is likely to result in hostility and
 
major resistance among local citizenry. This, in turn, has the potential
 
of impeding the progress of a development. Diversification, because of
 
its emphasis on decentralization,lays a basis for the interruption of
 
this trend.
 
11.3.1.5 LONG RANGE ENERGY POLICY
 
Historically, little attention has been given to mid-term and
 
far-term energy policy. Many proponents of mono-energy, near-term"
 
solutions have effectively shut the door on future alternatives since
 
undue attention to immediate needs can deprive future alternatives of
 
an adequate technological base. In this respect, a program of diver­
sification can enhance the prospects for future ehergy development
 
and long range energy policy.
 
11.3.1.6 ENVIRON1ENTAL OVERLOADS
 
A reasonable prospect exists for extensi-ve environmental disruptions
 
of a single type from a single energy source. There are very few, if any,
 
energy systems which do not affect flora, fauna, air or water in some
 
detrimental fashion, but by diversifying the nation's energy supplies it may
 
be possible to spread out these effects and thereby reduce the overall
 
magnitude of environmental impacts.
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11.3.2 MAJOR CRITERIA
 
There are three important criteria by which a diversification
 
program should be judged:
 
Encourage the use of a variety of energy systems. Those
 
systems which use energy and those which produce it should
 
be understood as an integrated whole. This does not imply
 
arbitrary diversification, or diversification at any cost;
 
it does entail overcoming major economic constraints.
 
Encourage the development of non-petroleum sources. This
 
does not mean eliminating petroleum based energy systems,
 
but it does mean using them more selectively.
 
Tailor an energy source to its .use. Some of the factors
 
which need to be considered are thermodynamic, geographic,
 
demographic,biologi.cal and meteorological.
 
Some clarification of this last criterion can.be made by way of
 
illustration. Current practice in densely populated municipalities is
 
to locate electrical generating plants at some distance from the city.
 
The low grade waste heat, suitable for space heating, is given up to the
 
environment. In the same municipality, natural gas supplies many customers
 
with a heating fuel. Tailoring a source to its use could avoid this
 
redundnacy. By installing the appropriate type of generating system near
 
the consumer, itwould be possible to supply him with both electricity and
 
heat recovered from the conversion process.
 
11.3.3 MAJOR CONSTRAINTS
 
For each alternative approach to diversification there is a spectrum

of constraints. It is desirable to introduce an alternative into those
 
situations where the constraints are minimal. Therefore, prudence dictates
 
that it be ascertained what constraints might be encountered before an
 
action is initiated. Most constraints are specific to an action; neverthe­
less, there are two gross factors which are likely to inhibit any sustained
 
program of diversification or any action which tends to promote diversification
 
Perceived cost ineffectiveness due to lack of economy of
 
scale. Whether cost effectiveness does in fact prove to
 
be an inhibitory factor is not the whole issue. The
 
important thing is that industry may assume that it is.
 
A great deal of recalcitrance to any kind of change derives
 
from arguments that economic feasibility depends upon extensive
 
and intensive concentration.
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Vested interests of energy producers and energy related
 
hardware manufacturers. It is likely, of course, that such
 
industries can participate in,and can be initiators of,
 
diversification. However, conservation industrial inertia would
 
have to be overcome before diversification'could be effected.
 
11.4 CURRENT STATUS AND PREVAILING VIEWS OF DIVERSIFICATION
 
11.4.1 CURRENT STATUS
 
The United States is presently in the position of being primarily
 
dependent on one major energy source; approximately 78 percent of, our
 
energy consumption is based on domestic and imported petroleum and
 
natural gas. In1972, nuclear produced 0.6 quads (less than one percent
 
of our national demand of 72 quads), hydropower 2.9 quads (4%), coal
 
12.6 quads (17%) and crude oil and natural gas 56.1 quads (78%1, About
 
40% of the oil and natural gas is imported today.
 
Inrecent times, some of the disadvantages of being so heavily
 
dependent on one kind of energy, especially wken a substantial portion
 
of our supply must be imported, have become obvious. The recent
 
perturbation by OPEC created a cascading of negative impacts throughout
 
our economic system. Illustrative of these first, second, third and
 
higher order effects were the disappearance of jobs in automobile
 
manufacturing, steel production and numerous other directly or indirectly
 
oil dependent industries. Agricultural production was threatened because
 
of reduced fertilizer availability, reduced gas for crop drying and
 
insufficient fuel for farm machinery.
 
The stimulus provided by OPEC has elicited substantial response
 
from our national energy system. Several new institutions have been
 
created to carry out needed research, development, demonstration and
 
administration. The Energy Research and Development Administration
 
(ERDA) was created by Public Law 93-438 (the Energy Reorganization
 
Act of 1974) to gather under its wing most of the federal activity
 
in energy RD&D and to plot the nations future energy research, develop­
ment and demonstration course. The Federal Energy Administration (FEA)
 
was created to administer and implement the various policies and acts
 
dealing with energy.
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Another law was passed in December, 1974, PL 93-577 (the Federal
 
Non-nuclear Energy Research and Development Act of 1974), which constitutes
 
a congressional mandate to explore a diverse array of potential energy
 
sources. Section 3(a) of PL 93-577 states:
 
"It is the policy of the Congress to develop on an urgent
 
basis the technological capabilities to support the broadest
 
range of energy policy options through conservation and use
 
of domestic resources by socially and environmentally acceptable
 
means."
 
Sedtion 6 of PL 93-577, along with PL 93-438, requires that ERDA
 
present tothe Congress On or before June 30, 1975, with updating
 
thereafter, a comprehensive plan for energy research, development,
 
and demonstration. The first such plan was delivered to Congress by
 
Mr. Seamahs on Juno 28, and is known as ERDA-48. A further discussion
 
of ERDA plans is found inAppendix K.4.
 
11.4.2 PREVAILING VIEWS OF DIVERSIFICATION
 
As has been seen recently, society is faced with many problems
 
resulting from an over-dependehce on, petroleum and natural gas. It
 
is not difficult to find other examplds .of the dangers of "one-dimensionality"
 
in this complex mass society. Barry Commoner-in his book The Closing
 
Circle [Commoner-71] cites several examples of the unpleasant possibilities
 
posed by large scale unimethods of food production inwhich the natural
 
eco-system is disturbed. He characterizes the large scale use of
 
inorganic nitrogen fertilizers and synthetic pesticides as being like
 
an additive drug -- the more used, the More needed. Sam Love in his
 
article "Short-loop Living" TLove-74J argues the detirability of
 
diversity and decentralization in technological systems. He cautions
 
about getting our systems "overhitched" or "overtonnected" in such a
 
way that small disruptions can cascade and multiply through the inter­
connecting network so as to ultimately produce larger and more disturbing
 
impacts. Nature; tih elements of Which are very intimately linked, is
 
protected from catastrophic impacts through damping caused by diversification
 
and decentralization. Mah-made tehdencies toward simplification of systems
 
create highly linked mono-cultures fraught with possibilities of catastrophe.
 
Schumacher in his book Small IsBeautiful [Schumacher-73] also addresses
 
' 
some of the problems of large "6Verconhected industrial entities.
 
Robert Gilpin in his very recent report to Congress, "Technology, Economic
 
Growth, and Industrial Competitiveness" [Gilpin-75],in many ways sounds
 
as though he is an advocate of diversity relative to a public policy
 
climate which would enhance the possibility for technological innovation
 
in civilian industrial technology. He argues that a major problem of
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American science and technology has been our past mono-science-technology
 
orientation in which an inordinate share of our total national scientific
 
and technical resources have been devoted to a few areas of "big science
 
and technology", space, defense and atomic energy. We react to crisis
 
situations --a SPUTNIK produces a crash program to reach the moon,
 
conflict with the USSR produces crash programs inweapons systems, etc.
 
Gilpin likens our present energy problem as another crisis which is aqain
 
producing a "crash" program with, as he sees it,undue emphasis on a
 
single-energy solution, the breeder reactor. Gilpin argues against
 
these "crash" programs as being very wasteful and of too little breadth.
 
In situations such as the present energy circumstance, where
 
there are large measures of uncertainty in terms of future energy
 
supplies and end-use conservation measures, Gilpin suggests that in
 
place of "crash" programs of a one-dimensional nature the U.. S. should.
 
adopt policies and create institutions for implementing these policies
 
so that a diverse array of possibilities are explored by smaller
 
increments. He calls this approach "incrementalism" and suggests that
 
experiments be designed to enable us to purposefully learn at each
 
increment or step and thus reduce the uncertainties and perceive more
 
clearly the desirable directions in which to move our technology.
 
Inview of the many uncertainties associated with both future
 
energy supplies and future end-uses arising out of the recent experience
 
with a mono-energy culture, there is an urgent feeling abroad that
 
public policy makers should give serious and deliberate consideration
 
to the merits of diversification inboth supply and end-use conservation
 
measures.
 
11.5 MEANS OF IMPLEMENTATION
 
The precise vehicles necessary for implementation of a specific
 
action which will contribute to diversification will depend substantially
 
on the action being considered. There are a few rather broad areas in
 
which steps appropriate to any such action can be taken:
 
Legislation to assist programs and provide incentives
 
Financing through low-interest loans, government-guaranteed
 
loans, underwriting pilot projects, and indirectly by
 
providing energy price guarantees
 
Tax incentives to industries and individuals which develop or
 
install equipment and systems which contribute to
 
diversification
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Education programs to develop interests, to emphasize the
 
magnitude of our energy dilemma, and to provide information
 
about our alternatives
 
Technological information in a cogent format to interested parties
 
to provide design parameters, cost data and information about
 
difficulties which may be encountered
 
All of the above steps have been suggested as valuable tools in the
 
implementation of new energy sources. However, at present these steps
 
have not been applied to the range of possible energy sources mentioned
 
in the next'section (11.6). Only after an overall diversification plan
 
has been decided on can the above steps be used to produce the desired
 
energy source mix. A 'helter-skelter' application of the implementation
 
steps would lead both to confusion and redundancy. Careful attention must
 
be given to integration and optimization of diversified systems.
 
11.6 	ACTIONS
 
The specific set of energy systems which make up a program of
 
diversification should include the following:
 
Coal
 
Oil 
Natural gas
 
Oil shale
 
Biomass
 
Waste
 
Nuclear fission
 
Nuclear fusion
 
Integrated Systems
 
Photovoltaic
 
Solar Thermal
 
Geothermal
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Hydro-electric
 
Thermal gradients
 
Solar heating/cooling
 
Wind
 
The aggressive pursuit of these alternatives, each of which is
 
discussed briefly inAppendix K.l, is being undertaken by ERDA [ERDA-48],
 
reflecting the intent of the Non-Nuclear Energy Research and Development
 
Act. [PL-93-577]
 
11.7 ASSESSMENTS
 
To decide the feasibility of an across-the-board diversification
 
program, a systematic study needs to be undertaken involving each proposed
 
diversification energy action. The first step in such a study is to
 
determine the requirements of each of the alternative energy systems
 
which make up diversification. The major requirements are:
 
Capital investment
 
Maintenance
 
Availability and location of source supply
 
Manpower
 
Materials
 
Water
 
Land use
 
Studying each of tese requirements entails substantial amounts of
 
research, research which could be conducted within the framework of an
 
overall energy program. Lacking this, it isstill possible to outline
 
a format for the task which needs to be undertaken. The following
 
material is an illustration of an analysis of diversification in energy

supply with an emphasis on impact assessment relative to a major constraint,
 
water requirements.
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Outline of Example Assessment
 
By selecting the water requirement as a subject Of investigation,
 
it becomes obvious that several questions need to be answered:
 
Which systems are water intensive, that is,require vast
 
amounts of water, the unavailability of which would'jeopardize
 
their develooment?
 
What are the geographic locations most suitable for each
 
system?
 
What are the regions in which water supply is likely to be
 
problematic?
 
The next question which needs to be answered depends upon the answers
 
to the first three:
 
'Which alternativewater intensive systems must be located­
in water scarce regions?
 
The results of such an analysis reveal that the water requirements
 
of exactly three systems:
 
Coal, located in the Missouri Basin, Upper Colorado Basin,
 
and Lower Colorado and Rio Grande areas
 
Oil shale, located in the Upper Colorado Basin, and
 
Solar central generation, located inArizona and New Mexico
 
need further investigation (See Appendix K.2).
 
There is one final question which ought not be overlooked. That
 
is,
 
Is there any conflict rbetween the water requirements of
 
coal , shale,, and sol'ar? 
The study of this subject led to- twa observations: 
There is a potential conflict between coal innorthern
 
New Mexico and solar in southern New Mexico.
 
There is a distinct potential for conflict between coal and
 
shale in the Upper Colorado Basin.
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Conclusions of Example Assessment
 
On the basis of information available at present, several-tentative
 
conclusions are suggested (See Appendix K.3):
 
Coal located in the Missouri Basin could be converted to
 
synthetic fuels without creating major water problems.
 
Coal resources located in the Colorado Basins could be developed
 
inmoderate amounts, but liquefaction or gasification seems
 
to be ruled out at this time.
 
Oil shale can be processed without resulting in major conflict
 
with coal or impacting on existing water resources.
 
Developing the solar potentials of Arizona and New Mexico is
 
possible without degrading or reducing the volume of water
 
available.
 
Proposals to augment the water resources of any region need
 
to be analyzed in greater depth.
 
Further investigation of diversification will entail not only more
 
intensive evaluation of water requirements, but a detailed analysis of
 
other requirements as well. Final conclusions cannot be drawn on the basis
 
of capital costs alone; likewise, resolution of the water problems isnot
 
the only basis of decision. Solution of the water problems may result in
 
systems requirihg far more capital than investors are willing to supply.
 
Final decisions will ultimately depend upon trade-offs made as a result
 
of evaluating requirements and the alternative ways of satisfying these
 
requirements. This is the intent of the systems method.
 
Net Energetics Assessment 
Another method of assessment is to calculate the energy "return" on the
 
energy "invested" to a potential energy source inorder to bring it on-line.
 
Net energetics shows how the rate of energy return can be calculated. An
 
example assessment for a heliostat solar plant is shown inAppendix C.4.
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CHAPTER 12. CITIZENS' ACTIONS
 
Citizens are consumers; and in such a role they are a vital cog
 
in the energy machine. Consuming takes energy for direct actions
 
such as traveling to work, going on vacation, using lights and appli­
ances, and cooking. It also takes energy indirectly in producing
 
consumer goods and providing an existence that is felt to be viable.
 
In short, citizens use energy and they also have the potential to
 
save energy. In fact, they must conserve energy if the nation is
 
serious in its attempt to reduce foreign oil imports. -But the task
 
may not be easy. The majority of the seminar speakers for the 1975
 
Summer Faculty Fellowship Program, who incidentally were a represen­
tative cross-section of upper class-Middle America, were quite sym­
pathetic with energy conservation and the need to save. Hence, the
 
need for a qualifying note--they were sympathetic, but only if it
 
didn't mean a change in their life style.. Is this possible? Can
 
we, as citizens, indeed save significant amounts of energy without­
disrupting a consumptive life style?
 
This chapter of the report addresses the abovequestion, and
 
hopefully provides some answers or alternatives. In confronting
 
the problem, a number of considerations must be examined closely;
 
for example, personal consumption patterns, the effects of the
 
embargo, conservation actions, barriers to savings, etc. Only in
 
this type of framework can one expect to present the true picture
 
of citizens' actions--past, present, and future.
 
As we shall see, there are ways that citizens can save energy,
 
individually and in groups. The potential savings are significant,
 
but the actual savings achieved may be quite small. The citizen needs
 
to be motivated to save and to believe in a conservation ethic.
 
Developing such an ethic is difficult, and perhaps not responsive
 
to the shotgun approach now being attempted. Perhaps a future
 
synopsis of the present situation will reveal that Americans failed
 
in their post embargo attempt to conserve, and that the true course
 
of action should have been-one of synthesizing new societal struc­
tures that provide the maximum evolution of culture within the Timi­
tations of scarce energy resources.
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12.1. BACKGROUND
 
12.1.1. DEFINITION
 
During this discussion, citizens' actions are considered to be those
 implemented by the citizen to conserve energy, and they include such things as
 
individual changes inlife style (walking to work, carpooling, turning back
 
thermostat), group actions that include a city's "save-a-watt" program, and
 
citizens' groups participation at the local level.
 
12.1.2. ENERGY AND THE EVOLUTION OF CULTURE
 
Before one looks at citizens' actions and attempts an assessment,

it is necessary to speak of consumption patterns. Inother words, how

and to what extent does the citizen consume energy? Do Americans con­
sume more than others? Did this generation consume more than the last? 
Perhaps still yet a more basic question must be asked. Why the need
 
for energy in the first case? How does it change our life or make us
 better people? As background ,consider that man as an animal species,

and, consequently, culture as a whole, is dePendent upon the material and
 
mechanical means of adjusting to the natural environment. Man must
 
have food and be protected from the elements. And he must defend
 
himself from his enemies. These three things he must do if he is to
 
continue to live, and these objectives are attained only by technolog2
 
ical means. One might say then that the technological system is both
 
primary and basic in importance; all human l'ife and culture rest and
 
depend upon it. Therefore the evolution of culture, meaning the pro­
duction of goods and of life's comforts, is directly,related to the
 
amount of energy harnessed and put to work in man's service. Only by

technological means is energy harnessed. 
Tools of one kind or another
 
accomplish this, but some are more efficient than others.
 
The point of the discussion is that the amount of food, clothing,

or other goods produced in a society depends on (1)the amount of energy

harnessedper year and (2)the efficiency of the technological means
 
with which energy is harnessed and put to work. In other words, culture
 
evolves as the amount of energy harnessed per capita per year is increased,
 
or as the efficiency of the instrumental means of putting the energy
 
to work is increased.
 
Ina historical perspective, the nation is at a crossroads. Further
 
advances in culture, or perhaps even maintaining a status quo, depends on
 increasing our energy supply or increasing the efficiency of the technolog­
ical processes involved. In a sense both of these factors are linked to
 
the consumer. Ifless is consumed, the supply is less limited. Hence,

actions such as adding insulation to hotbes ihcreasbe the-efficiency of the
 
energy-usage prbcess,.and detreases consumption.
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Table 12.1.2-1 compares the consumption of energy inour present
 
culture with that of previous societies. It illustrates vividly the
 
present dilemma: modern man is consuming energy at an astonishing
 
rate -- and in the process is depleting finite resources.
 
12.1.3. PERSONAL CONSUMPTION PATTERNS
 
In terms of energy use per capita, the average United States citizen
 
today is the greatest energy user the world has ever known. Figure
 
12.1.3-1 shows an annual comparison of per capita energy use among
 
various countries. The standard of living in the United States has
 
reached a point where the per capita use of energy is near 400 million
 
BTU per year. This, of course, includes all the energy used to produce
 
the goods and services consumed by the average citizen.
 
Between 1950 and 1973 the U. S. population grew from 151 million
 
to 206 million people, an increase of approximately one-third. During
 
this time, the amount of energy consumed by this population doubled.
 
Today, U. S. per capita energy use is six times the average for the
 
rest of the world. Our gross energy consumption has also increased at
 
an average approval rate of 3.1 percent between 1947-and 1971. During
 
the 195-1970 period a 4.8 percent growth rate was experienced.
 
The energy growth curve in Figure 12.1.3-2, coupled with the above
 
figures should leave doubt of where we stand as energy consumers.
 
12.1.4. SUBSTITUTING ENERGY FOR LABOR
 
As we examine-the past consumption patterns in the United States, it
 
readily becomes apparent that there has been a potent increase the last
 
25 years in energy demand. What has taken place in our society that
 
accounts for this pattern? Hannon (SCI) cites examples of increasing
 
energy and decreasing labor utilization in a number of industries
 
[SCI-75,95]. For example, the system that produces beverages has been
 
shown to be more labor demanding and less energy demanding if the bev­
erages were delivered in refillable rather than throwaway containers.
 
Steinhart and Steinhart note that the proportion of people engaged
 
in farming halved between 1920 and 1950 and then halved again by 1962.
 
Incontrast, total use of energy in the United States food system grew
 
from 685.5 x 101 kcal/year in 1940 to 2172 x 1012 in 1970. Other
 
examples could be cited for the replacement of labor by energy [SCI-74,307].
 
Due to past abundant "cheap" energy, industry has become energy in­
tensive. In other words, in the past, economics has overruled energy
 
conservation. Likewise, modes of transportation have become less effi­
cient--in part because of larger engines, but more recently due to
 
modifications required to meet pollution standards. Inthe last several years,
 
TABLE 12.1.2-I. DAILY PER CAPITA CONSUMPTInN (1,000 KILOCALORTFS)
 
TRANSPORTATION 60 200
 
- 150
 
INDUSTRY AND 94 \ \ \ 
AGRICULTURE 

100
 
~14
 
-- ' " 26 "." 50 
HOME AND COMMERCE vu *N-_ __ .,,530 
. . .. . . - -- . . .. 2--- . . . _ _ _r - --_ _FOOD 

TECHNOLOGICAL INDUSTRIAL ADVANCED PRIMITIVE HUNTERS PRIMITIVE MAN
 
AGRICULTURAL AGRICULTURAL
 
Primitive man (East Africa about 1,000,000 years ago) without the use of fire had only the energy
 
of the food he ate. Hunting man (Europe about 100,O00..years ago) had more food and also burned wood ftr
 
heat and cooking. Primitive agricultural man (FertileCrescent in 5000 B.C.) was growing crops and had
 
gained animal energy. Advanced agricultural man (northwestern Europe in A.D. 1400) had some coal for
 
heating, some water power and wind power and animal transport. Industrial man (in England in 1875) had
 
the steam engine. In 1970, technological man (inthe U. S.) consumer 230,000 kil,pcalories per day, much
 
of it in form of electricity (hatched area).
 
160 /
 
/140MILLIONS OF 1TU 

SO0 100 150 200 250 300 400 /
 
...... IJ--4 120 
U.S. - 2 
Canada
 
,JSweden
 
1100United Kingdom j BeliglumILuXembOug 0 
_j Australia
 
80
West Germany 
iFtrance 
South Africa 
Japan C60 
Italy 
Maxim 40 
BratlM icyITurkey 
India 20 
Modified fro. US Energy A Summary Rc,,cw (Washington, D.C.: Depg. of Ihe Interior, 
Government Printing Offce, Jan. 1972), p. 1. 
1850 1900 1950 1975 2000 
YEAR 
FIGURE 12.1.3-1. PER CAPITAL ENERGY USE, 1968 FIGURE 12.1.3-2. PAST AND FUTURE ENERGY DEMANDS IN THE UNITED STATED
 
[ENERGY-75, 34] [ENERGY-75,11]
 
IN 
1-2-6
 
many changes insociety have taken place. These changes account for our
 
radical consumption patterns. The citizen, in terms of personal lifestyle
 
changes, has certainly contributed to this trend.
 
1_2 OIL EMBARGO AND THE CONSUMER
 
The total impact of the Organization of Petroleum Exporting Countries
 
(OPEC) oil embargo, as contrasted with the impacts of higher energy prices
 
and energy shortages, is subtle and difficult to separate. However,
 
estimates indicate that the output of the economy fell in the first quarter

of 1974 by 10 to 20 billion dollars as a result of the embargo.

Unemployment effects were estimated to be 0.5 percent of the civilian
 
labor force or about a 500,000 people reduction. Energy prices during

the embargo were responsible for at least 30 percent of the increase in
 
the-Consumer Price Index [PI-74-1,288]. As a result, Gross National Product
 
fell at an annual rate of 5.3 percent during the first quarter of 1974.
 
Inaddition, personal consumption expenditures fell 4.8 percent in the
 
fourth quarter of 1,973 and 2.7 percent in first quarter of 1974. Ninety-six

percent of the decline in the first quarter of 1974 resulted- from curtailed
 
demand for auto and auto parts and energy.
 
The above figures relate an.overview of the economic impacts of the
 
embargo. A close analysis of changes in consumption patterns relate the
 
following:
 
Household travel - There was a drop in the number of trips
 
made during the oil embargo, especially those for social,
 
recreational and dining purposes. Besides work related trips,
 
the reductions were due to difficulty and uncertainty in
 
obtaining gasoline.
 
Household heating - During the embargo, householdsirespond~d

admirably to government requests to reduce temperature levels.
 
The average level of household temperature during 1973-74
 
was 68 degrees, a two degree reduction from the previous year's
 
average.
 
Use of electricity - The continuous National Survey showed an 
increase from 29 percent of those respondents reporting a
 
reduction of major appliances during November to about 48
 
percent at the end of February.
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The above data indicate that there was significant consumer
 
response to the oil embargo. Perhaps the dilemma results from post embargo
 
events. Since that time, there has been a significant increase inconsumption
 
at all levels. Even though the rate of gasoline consumption had slumped by
 
1.9 per cent annually in the last two years, it has now climbed back to near
 
pre-embargo -levels in spite Of a national duly, 1975 average of.58.7 cents
 
per gallon. Inother words, Americans are travd1ling at a greater-pade than
 
ever before, maybe inanticipation of even higher gasoline cost during next
 
summer's vacation period. Even though polls indicate American are'trying
 
to accomplish.energy savings, there isno substantial evidence to support
 
this fact. Perhaps the capital saved from one conservation action is being
 
reinvested inanother mode of energy consumption..
 
12.3.- BARRIERS TO SAVINGS
 
A variety of barriers to savings can be identified. A few of these
 
are discussed briefly in this section.
 
12.3.1. CREDIBILITY GAP
 
Many peonle have indicated that perhaps one of the large barriers to
 
obtaining significant savings in energy consumption is the credibility gap
 
between producers and consumers. For example, the widely voiced opinion
 
that the spiraling cost of gasoline is the result of a rip-off by the oil
 
companies certainly does not enhance the conservation ethic. On the other
 
hand, a-recently conducted energy survey fVanston - 75] indicated that
 
100% of the people surveyed believed that there really.is an energy
 
problem and 76% indicated that they thought the consumer was the problem.
 
One would suppose that a belief in the validity of the energy problem
 
would lead to a reduction in consumption. However, the fact that
 
consumption levels are once again approaching historical growth in spite
 
of increasing energy costs makes one feel that either people really don't
 
believe that the energy problem is serious enough for them to reduce
 
consumption or they don't believe that there really is an energy problem.
 
T2.3.2. CONSUMPTIVE LIFESTYLES
 
The lifestyles of American households are directly reflected by
 
household energy users. For the past 25 years, these developing lifestyles
 
have been based on rising real incomes and stable or falling energy costs.
 
Now that the tide has turned, rising energy costs must have an effect on
 
lifestyles. One area that must be examined inassessing the impacts of
 
rising energy costs on lifestyles is the percentage of household income
 
devoted to energy. As can be seen from Table 12.3.2-1, energy consumption
 
rises with increasing income, but the differences in energy consumption
 
are less than proportional to differences in income. For example, in
 
1973, a household with $2,500 income consumed only two-thirds of the
 
energy of a household with an income of $8,000 and approximately half the
 
amount of the $14,000 household.
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\BLE 12.3.2-1. ENERGY EXPENDITURES AND CONSUMPTION BY INCOME CLASS, 1973
 
adapted from [Ford-74,118])
 
Average Total Percent
 
energy BTU's of total
 
expenditure consumed Income spent
 
Income category per household (inmillions) on energy
 
rage income: 
$2,500-------------------- $379 207 15.2 
$8,000-------------------- 572 294 7.2 
$14,000------------------- 832 403 5.9 
$24,500------------------- 994 478 4.1 
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Another important consideration, however, is the percentages of total
 
annual income spent on energy. As can be seen from Table 12.3.2-1, this
 
percentage is significantly higher for low income families. Obviously,
 
this means that rising fuel costs will impact the poor much harder.
 
Some of the areas in which lifestyles may change in response to
 
increasing energy costs are location and types of family dwellings. For
 
example, multi-family dwellings generally consume less energy than single
 
family dwellings. Energy for transportation is basically determined by

the spatial relationship of houses to jobs and shopping centers and to the
 
density of development. In fact, one study estimated that for a given

population mix, the energy consumption for heating and transportation in an
 
unplanned community of single family homes is44% greater than that associated
 
with a planned community of higher density and aontaining substantial numbers
 
of high rise and garden apartments and town houses. [Hearings-75, 262]
 
Obvious impacts on lifestyles inthe area of transportation can be
 
anticipated. Air travel may decline as prices increase. Consumers will
 
be faced with the choice of paying higher prices or reducing consumption
 
by driving less or small cars.
 
12.3.3. INVERTED RATE STRUCTURE
 
The existing utility rate structure obviously does not encourage

conservation -- the more you use, the cheaper the rate. Perhaps

significant savings might result if the rate structure were revised so
 
that the rate for consumption above a specified level was considered
 
higher. In this case, consumers might watch their meter'each month in
 
an attempt to keep their consumption at a specified level.
 
12.3.4. FUEL COSTS
 
On the other hand, if fuel costs were to decline (supose the knee­
deeper theory is correct), consumption would probably return to the
 
exponential growth curves prevalent prior to the embargo. Thqs, low fuel
 
costs-are on obvious barrier to energy conservation.
 
12.3.5. INITIAL COSTS COMPARED TO LIFE CYCLE COSTS
 
Consumer buying patterns are decidely affected by initial costs.
 
A major consideration of one item over another isthe initial costs of
 
each. An appliance that is energy efficient,: but costs more, is difficult
 to market simply because the consumer is not interested in or is unaware
 
of life-cycle costing. Educating the consumer to the advantage of life­
cycle costing may be a monumentous task, but one that is worthwhile from
 
a conservation point of view. It has been estimated that six additional
 
inches of ceiling insulation will yield a winter dollar savings of $180
 
to $220 and a winter fuel savings of 515 to 635 gallons. Recovering costs
 
of the initial investment requires approximately one year. However, it is
 
still difficult to motivate people to purchase insulation because of the
 
high initial costs.
 
12.4 INCENTIVES TO SAVE
 
A variety of incentives for saving energy have been identified
 
Several of these are mentioned in the following sub sections.
 
12.4.1 TIME TO DEVELOP ALTERNATIVES
 
One very important aspect of citizens' actions is that they represent
 
a viable means of bridging the short term period until alternate resources
 
become available. Itis the opinion of many experts that 10-15 years will
 
be needed to perfect the technologies and build the facilities required to
 
make the widespread use of future resources possible.
 
12.4.2 SCARCITY OF FUELS
 
One obvious reason for conserving fossil fuels is to extend the life­
time of the finite supplies of these fuels so that they will continue to be
 
available for unique uses for which they are suited. Discussions of conser­
vation often included substitution as one category. In this case, substitu­
tion can mean substituting coal or uranium for oil and natural gas. This
 
substitution conserves supplies of oil and natural gas, but it is not
 
conservation in terms of reducing consumption of fuel. Another type of
 
substitution might be a substitution for end products or substitution of
 
materials during manufacturing. Both of these areas may offer potential
 
savings; for example, substitution of aluminum or plastic in cars may
 
reduce fuel consumption in the form of gasoline as well as fuel consumption
 
reduction in the manufacturing process.
 
12.4.3 REDUCTION OF DEPENDENCE ON IMPORTS
 
Reducing consumption of oil and natural gas would result in a decline
 
in imports of these expensive fossil fuels. As the price of these fuels
 
continues to climb (as a result of derengulation of gas and decontrol of
 
oil price, along with OPEC price increase), consumers confronted with the
 
alternatives of spending a greater percentage of their income for energy
 
or decreasing consumption inorder to save money may decide to opt for
 
using less energy. Reducing consumption of oil and gas obviously would
 
help to alleviate the balance.of payments problem that the country faces
 
when importing large quantities of oil.
 
12.4.4 DECREASING ENVIRONMENTAL POLLUTION
 
Another problem emerging from the energy crisis is the apparent con­
flict between environmental protection and energy production. For example,
 
burning coal creates numerous environmental problems, including air pollution
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resulting from the release of sulfur dioxide and particulates. It follows,

then, that a reduction in the use of fossil fuels will lead to decreases in
 
air pollutants. Reducing consumption would not only help in reducing the
 
amount of particulates, but would also reduce the amount of carbon dioxide
 
released to the atmosphere. The exact relationship between these two pollutants

and their effect on world climate has been the subject of many discussions.
 
[Rotty-75] Reducing -onsumption could also lead to a reduction in the heat
 
released in the combustion process. The effect of waste heat on world climate
 
is also currently being debated. [Rotty-75] In any case, it appears that
 
a reduction in consumption that may help inalleviating some environmental
 
problems facing the nation and the world.
 
12.5 	 PRESENT APPROACHES
 
Actions by citizens to conserve energy may be individual actions or
 
group actions. This section presents an overview of various actions -­
group and individual -- that fall under the classification of citizens'
 
actions. The list is not meant to be comprehensive, but only to represent
 
the types of actions which may result in energy savings by the citizen.
 
Suggested individual actions:
 
Transportation Sector
 
travel by railroad or bus instead of car
 
walk rather than drive
 
drive at posted speed limits or lower
 
keep car properly tuned
 
keep car as long as possible
 
buy only one car per family
 
take short recreational trips rather than long
 
carpool as much as possible
 
try to live close to work
 
combine shopping trips
 
promote door-to-door delivery service
 
promote local stores within walking distance
 
ban parking in downtown parking areas
 
drive small efficient cars
 
Residential Sector
 
set thermostat back to 680F (day)
 
set water heater back to 120F
 
set air conditioner thermostat up to 78°F
 
set 8-hour thermostat back to 60'F (night)
 
reduce bathing water consumption
 
turn off pilot lights in gas furnaces
 
retrofit homes by adding insulation, storm windows and doors,
 
and caulking
 
keep furnace and air conditioner properly tuned
 
install heat pumps to replace resistance heating where
 
applicable
 
reduce lighting levels to a minimum acceptable level
 
Tnstall restricted flow shower heads
 
buy the most efficient appliances regardless of initial cost
 
turn off lights when leaving a room
 
use lower light intensities in rooms
 
use natural light whenever possible
 
carefully use electric stoves (turn off heat before finishing)
 
avoid opening refrigerators unnecessarily
 
Individual actions are numerous and the potential of many such actions has
 
been discussed elsewhere inthe ECASTAR report. Before encouraging such actions
 
however, a comprehensive assessment within the systems approach framework should
 
be undertaken to determine the overall feasibility of the actions. Such an
 
assessment should identify the requirements for, the alternatives to, and the
 
impacts of such actions. For example, installing insulation in
 
certain areas of the country may provide minimum energy savings at
 
the expense of a considerable investment of energy and capital in producing
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the insulation. Homeowners should be aware that the energy saved by
 
adding windows to take advantage of natural lighting would likely be off­
set by heat infiltration and its impact on cooling loads. Proper assess­
ment should identify problems such as the above. Only after such an assess­
ment should a citizens group or an agency promote such actions.
 
Group Actions:
 
The following is a selective list of programs that require citizen
 
involvement and are currently being implemented at local, state, or netional
 
levels.
 
Energy Management Plans
 
Under the auspices of the General Services Administration,
 
massive savings were accomplished at government centers
 
throughout the country. Marshall Space Flight Center,
 
Huntsville, Alabama, was involved in such a program and
 
achieved a 21.4% total annual energy savings. Actions
 
specifically involving workers included MSFC involvement in
 
the DOT computerized carpool matching system, reserved
 
parking for carpools, and encouragement of general conserva­
tion practices by the employees.
 
Citizens Actions Committees
 
Organized community leaders have been working in pilot projects
 
to promote energy conservation. Committees have been established
 
in 11 states by Mrs. Virginia Garrett, a dynamic Montgomery, Alabama,
 
community leader. Emphasis in the projects is placed on promoting
 
conservation actions by education in schools, businesses, industies,
 
homes and public buildings, and by campaigns to ride-the-bus,
 
build and use bike trails, and car-pooling. [Garrett-75]
 
Project Conserve -- A Pilot Project in Homeowner Energy Conservation
 
Project Conserve was an information-incentive program to
 
encourage homeowners to voluntarily enhance the thermal
 
efficiency of their homes. Data supplied by the homeowners
 
on a questionnaire are processed by computer to yield cost
 
and savings of energy consuming retrofit actions -­
weather stripping/caulking, or thermostat setback. In
 
this particular study,21% of the homeowners securing the
 
questionnaire completed and returned it. These homeowners
 
were sent the computer report and 48% indidated that they intended
 
to take at least one of the actions described.
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Kill-a-watt -- A Three-Part Program by Department of Lighting --

City of Seattle.
 
One major emphasis is undertaking a comprehensive active
 
role in showing residential, commercial, and industrial
 
customers how they can eliminate waste and use electrical
 
energy wisely. The Department of lighting.sends out
 
specialist teams to homes, businesses, institutions, and
 
industries to work directly with them in saving energy. A
 
citizen advisory committee worked with the program to
 
provide an outside, objective view of utility operations
 
and to develop future procedures and policies.
 
12.6 SAVINGS -- POTENTIAL AND PROGRAMS
 
A look at the variety of programs in consumer education
 
currently being sponsored by FEA and other agencies indicates that this
 
is an area that offers significant potential savings. However, the success
 
of a particular program will be hard to measure. In fact, the success of
 
any proposed conservation action will depend on the cooperation and partici­
pation of the individuals involved. To date, the result has not been
 
encouraging. Although significant savings were obtained during the energy

crisis, the nation as a whole did not rally around the flag. There are
 
many conjectures as to why consumers are not conserving:
 
They don't believe there is an energy problem.
 
They think it is a rip-off by the oil companies.
 
They are concerned that rationing may be an action in the
 
future-(so they are hoarding, or they are using all the
 
enerqy they can while it isavailable).
 
Energy isnot expensive enough to force conservation.
 
These are only a few of the suggested reasons given to try to explain why

the American consumer has not accomplished a significant savings. As
 
stated previously, the potential for savings is significant, but the question
 
is "How does one enlist the participation and cooperation of the consumer?"
 
Several alternatives are discussed in the following sections.
 
12.6.1 MANDATING CONSERVATION ACTION
 
One may force participation in conservation by enacting laws to accomplish
 
some of the following kinds of actions:
 
Establish differential rate structures so that the base rate may
 
be relatively inexpensive,but additional consumption is priced
 
significantly higher. This escalator clause should encobrage
 
consumers to watch theif meters and reduce consumption to stay

within the base rate. _
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Force consumers to drive smaller cars or drive less by restricting
 
gasoline consumption.
 
Encourage support of public transit by restricting parking.
 
Prohibit further use of ornamental gas lights and pilot lights.
 
An alternative to mandating conservation is to educate the consumer -­
instill the conservation ethic in all Americans.
 
12.6.2 CONSUMER EDUCATION -- THE CONSERVATION ETHIC
 
Both FEA and ERDA currently have a variety of programs for educating
 
the consumer. For example, FEA will initiate a series of Citizens Training

Institutes this fall and follow up on the Project Conserve Program. Bolton
 
Institute has a contract for working with school age children and teachers.
 
ERDA also has consumer education programs, but ERDA ismore concerned with
 
the technological side of the problem. Perhaps ERDA could attempt to
 
promote the role of conservation through science fair-type projects. The
 
response to the Sputnik challenge was overwhelming. The same level of
 
interest might be kindled by conservation projects.
 
Other areas of education that could be explored includeeducation of
 
energy consultants (analogous to county agents or home economists). These
 
energy consultants would visit individual homes and advise the home-owner
 
in reducing consumption by changing lifestyles, retrofitting, etc.
 
Funding should be made available for courses inenergy conservation in
 
continuing education programs throughout the country. Colleges and universitie
 
are fertile grounds for educating consumers,, if the teachers are enthusiastic
 
about the topic.- The impacts of educating students should be evident within
 
a short time because they will be buying homes and appliances in the near
 
term. Inaddition to courses, summer workshops on energy conservation for
 
teachers should be promoted. Infact, the systems approach might be adapted
 
to such a study in order to illustrate the method for attacking a large problem.
 
12.6.3 CHANGING LIFESTYLES
 
Any comprehensive proposal for dealing with energy conservation will
 
necessarily include actions that would result in changing the lifestyles
 
of Americans. For example, the minivan concept and other carpooling ideas
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are actions that save energy but require a commitment on the part of the
 
individuals involved. Most people do not want to give up the convenience
 
and solitude of driving their own car to work. To them, joining a car­
pool means a change in their lifestyle. Depending upon public transporta­
tion would be an even greater change for many people.
 
One idea that has been suggested for savinq some of the energy
 
expended by housewives in sh6ppinq is to resurrect delivery service. This
 
action needs to be examined to assure that its implementation would
 
result in energy savings. If the assessments were positive, stores would
 
have to be encouraged to provide this type of service.
 
Inspection of the preceding discussions on various consumer actions
 
reveals that the savings to be obtained from these actions require little
 
or no technical innovations. In fact, the largest savings in the
 
consumer area could be obtained in the near term. This reduction in
 
consumption might buy the nation the time it needs to develop alternative
 
forms of energy. However, the potential savings may never be realized
 
unless consumers become aware of the problem and are willing to change
 
their consumption patterns.
 
12.7 CONCLUSION AND RECOMMENDATIONS
 
Several-major ideas on energy conservation have been expressed by
 
the group repeatedly. After using the systems approach, the group feels
 
that a conservation action should be proposed or mandated only after it is
 
properly assessed; i.e., a systematic study should be made to determine the
 
requirements for, the alternatives to, and the impacts of implementing such
 
an action. For example, consider that a consumer parks the car and rides
 
his bicycle to work every day. Obviously, he is saving energy in the form
 
of gasoline. On the other hand, a more detailed assessment should ask the
 
question, "What does he do with the money he saves?" Whether he saves it
 
or spends it,energy will be required to provide for the freed/monies.
 
If the consumer is armed with specific information,he can purposefully direct
 
the money saved by bicycling so that he does realize a net savings in energy.
 
The point is that he must be made aware of the possible impacts of not spendir
 
the savings wisely. [SCI-75-l]
 
A second point concerns the comment made by many that the only way to
 
have people conserve is to let prices rise. In other words, if gasoline
 
prices rise sufficiently high, people.will no longer be waiting in line to
 
purchase this expensive commodity. However, before deciding to decontrol
 
the price of oil and gas, one should try to assess the various impacts of
 
such an action. For example, rising costs may indeed reduce consumption,
 
but what about the effect on the poor? Since the percentage of their
 
income spent on energy is greater, they are impacted much harder. In
 
addition, there is probably very little they can do about reducing their
 
consumption. Viable alternatives for dealing with the poor would need to
 
be identified and assessed before the action istaken.
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CHAPTER 13. ECASTAR SUMMARY AND RECOMMENDATIONS 
ECASTAR presents a methodology for a systems approach to energy
 
conservation. In order to develop a systems methodology, it was imperative
 
that a definition of tonservation be found. In the essence of the systems
 
approach, it was not possible to completely define conservation until
 
the constraints and criteria that bound the energy problem had been
 
identified. The group agreed to depict conservation as the result of any
 
action that improves the energy situation of the U. S. in the present and
 
near future. The set of actions that satisfy this broad characterization
 
would, of course, be narrowed down by the constraints and criteria applied
 
by the specific decision-maker. This report contains a discussion of the
 
choice of relevant constraints and criteria and their application. Among
 
the most important are the present (capitalistic) structure of the American
 
economy, the lead times necessary for implementation of relevant technologies,
 
and the desire of most policymakers to maintain a reasonable standard of
 
living with a reasonable amount of invulnerability to foreign discretion.
 
An "energy performance criterion" is discussed and to some extent applied
 
to conservation actions. Itrepresents a basic choice between "net
 
economics" and "net energetics" when a difference exists. Although many
 
of the constraints and criteria may be quantified, it must be emphasized
 
that subjective judgments remain. Ascertaining the value of certain actions
 
to the American public has always presented a policy dilemma.
 
From Project Independence, the group inherited the notion that there
 
are three basic modes of conservation:
 
To increase efficiency in energy use.
 
To curtail energy use.
 
To substitute for scarce fuels.
 
These are not thought to be mutually exclusive. The third may not intuitively
 
appear to be conservation as total energy use may, in fact, go up! This
 
serves to emphasize that conservation depends on the criteria we impose on
 
these actions.
 
The objective of the design group was the assessment of the potential
 
and impact of conservation actions in the United States. The organization
 
of the group to accomplish the objective fell into two catege-ies:
 
Assessment of conservation actions by sectors of the economy.
 
Assessment of conservation actions related to various
 
conservation strategies.
 
The U. S. economy was divided into four sectors -- energy industry,
 
industry, residential/comercial, and transportation. Each sector was
 
analyzed for conservation actions and their impacts. The sector analysis
 
was characterized as the systems design or constructive phase.
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Parallel to this inductive effort was the attempt to broaden the
 
sector orientation by assessing the conservation potential and impact of
 
three strategies facing the nation today. These strategies are diversifi­
cation, electrification, and national (legislative) energy conservation.
 
The three strategies selected for assessment represent the adjudged most
 
probable and most thoroughly studied directions in which the U. S. energy
 
system may go. All three are high technology, high government involvement
 
methods for achieving energy growth and very long range energy sources-and
 
policies. The three strategies are complementary in time scale, state of
 
preparation, and parties at interest. The time scales for the selected
 
strategies are: national energy conservation (near term to 1985), electri­
fication (mid-term, 1985-2000), and diversification (2000 and beyond).
 
These strategies a're sets of related decisions.
 
The assessment procedure, as indicated above, included input/output
 
analysis to determine the flows between sectors, and net energetics as
 
part of a performance criterion for the conservation actions. The major

feature of the assessment methodology was the identification of targets of
 
opportunity for large net energy savings and for the application of advanced
 
technology.
 
The potentials and impacts of citizens' actions were also discussed.
 
The emphasis was on areas of large potential savings, the need for impact
 
assessments, and the potential resistance of a reasonably affluent society.
 
13.1 UNRESOLVED ISSUES
 
An energy conservation program is a collection of chosen alternatives.
 
Choices must be made in the selection of conservation actions, in assigning
 
priorities to actions, in deciding on means of implementing actions, and on
 
ways of enforcing-the program. A complete assessment of a conservation
 
program would require an analysis of the "ramifications" attendant with each
 
choice. Because of time constraints, ECASTAR's assessment procedure
 
focused on the evaluation of alternative (sets of) conservation actions.
 
The primary emphasis in the evaluation process was identifying and, where
 
possible, measuring the impacts that conservation actions would have on
 
energy consumption, employment, and production. Left as unresolved or
 
unanswered were issues such as the desirability of governmental initiative
 
versus the operation of a free market to implement conservation. To a
 
large extent, these non-quantifiable issues were bypassed because their
 
ultimate evaluation depends on subjective criteria. Choices made regarding
 
these issues are choices which provide the philosophical underpinnings
 
of a conservation program. As such, an evaluation of the costs and benefits
 
of alternative criteria is a necessary phase of the assessment process. In
 
the text that follows, some of the "unresolved" issues are highlighted.
 
These issues are organized around the major choices which define the tradeoffs.
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13.1.1 CONSUMPTIVE LIFESTYLES VERSUS CONSERVATION ETHIC
 
To a large extent, typical energy users are not aware that their homes,
 
cars, businesses, and industries are wasting energy. This is partially true
 
because energy has been too cheap. User costs often do not reflect the
 
efficiency and availability relationships between energy forms. Too much
 
promotion, designed to increase the use of energy, has resulted in an
 
unparalled consumptive lifestyle. Considering the fact that each and
 
every American has the equivalent of 80 energy men or 13 energy horses
 
working for him leads one to believe that instilling the conservation ethic
 
in the American public will be a monumental task.
 
While escalating energy prices will undoubtedly force adjustments in
 
patterns of consumption, the variety of adjustment depends not only on
 
prices, but also on tastes, lifestyles, and personal valuations of activities.
 
The choices resulting from relying on a freely operating market are consider­
ably different than the choices available from a market which is controlled
 
via governmental intervention. How should these choice sets be evaluated?
 
Who gains--who loses? How should these decisions be made? How important
 
is individual choice and initiative,inmaintaining our quality of life...
 
our economic viability? What assumptions are implicit in the argument that
 
conservation can only be achieved by legislating action rather than by

relying on voluntary action (whether conditioned by market forces or by a
 
conservation ethic)?
 
It has been argued that we need conservation now. Conserving now
 
involves choosing to consume less now so that there will be something
 
(perhaps more) to consume later. Who makes this choice? What are the
 
tradeoffs implied by the choice? At what point do markets (energy prices, e.g.)
 
reflect the immediacy of the tradeoff?
 
13.1.2 ENVIRONMENTAL STANDARDS VERSUS ENERGY CONSERVATION
 
Some of the conflicts between energy conservation and environmental
 
standards are obvious. For example, there are some aspects of environmental
 
protection standards which would be at odds with both the spirit and
 
mandate of parts of an energy conservation program. The debate surrounding
 
the production of shale oil is indicative of this dilemma. Desulfurization
 
of oil and coal requires additional energy in processing and refining.
 
Other conflicts are less obvious. For example, forcing substitution for
 
oil and gas results in increased consumption of coal or uranium with attendant
 
environmental problems. As energy supplies become acutely scarce, should
 
environmental standards regarding the use of high sulfur oil and of coal
 
be relaxed? What are the choices and tradeoffs that society must make
 
between these programs? What are the criteria that one would need to help
 
evaluate the efficacy of these alternative actions? Again, who benefits-­
who loses? How should such decisions be made?
 
One of the major conflicts between environmental regulations and energy
 
conservation is in the area of capital requirements: Meeting current
 
environmental standards will require massive capital requirements; these
 
will compete for the capital available for implementing conservation actions.
 
Will there be sufficient capital available?
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13.1.3 CAPITAL AVAILABILITY
 
In prescribing conservation actions, tradeoffs occur when finite
 
resources can be used in competing ways.- An obvious example is in finding

the capital for implementing conservation. Interms of priority, how shoul-d
 
capital be allocated--to energy conservation projects, to enhance environ­
mental quality, to finance the expension or replacement of productive
 
capaci-ty, or to further community development and promote urban renewal? How
 
are priorities determined? How should they he determined? What are the
 
costs and benefits which accompany any allocation scheme? Can priorities be
 
determined by market criteria? What are the sources of capital and how can
 
they be enlarged?- What are the tradeoffs implicit in directing funds away
 
from consumption activities and towards investment projects? What if the
 
redirection is away from consumption and toward social investment? Should
 
the government itself finance conservation? How ,are these decisions made?
 
13.1.4 CENTRALIZATION VERSUS DECENTRALIZATION
 
This controversy makjz itself known in two related ways. The first
 
represents the choice between market competition and government control.
 
As Americans have seen, the presence of monopolistic elements in industry
 
and the failure of the price system to take into account externalities and
 
the approach to the end of resource supplies has led to increased govern­
ment intervention. The debate is lively in Congress as to whether or not
 
the "free" market should be allowed to determine its own energy course.
 
With FEA and ERDA, the government has obviously not decided to remove
 
itself from the energy picture. Given this, the second problem arises as
 
to whether to gear energy research and development toward one principal
 
source or to all possible sources. To some degree, electrification and
 
diversification present actions on opposite sides of the debate. Each
 
strategy has important implicatlons on the political and socio-economic
 
structure of the-U. S. In "crisis" periods, we have already seen a
 
threat to the cohesiveness of the U. S. itself as fuel-rich areas were
 
beginning to resent the dependence of fuel-poor areas upon them.
 
13.1.5 FUEL RICH REGIONS VERSUS FUEL POOR REGIONS
 
The recent enactment of a Louisiana law giving the state the option
 
of retaining 20% of their gas production for sale within the state rather
 
than shipping the gas out of the state (with severance tax) points out a
 
developing conflict between the energy producing states and the energy
 
importing states. The resolution of this conflict requires careful
 
assessment and c6nsiderable mediation.
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13.1.6 SUPPLY VERSUS END USE CONSERVATION
 
Energy conservation to most people means increasing efficiency or
 
curtailing use. Increasing efficiency and good housekeeping measures
 
result in a reduction inconsumption with, few lifestyle changes. Therefore,
 
these conservation actions have co'nsiderable support. On the other hand,
 
reducing consumption in the final demand sector may, even though it does
 
not have widespread public support, have potentially greater savings. The
 
impacts and potentials of such actions must be assessed.
 
13.1.7 LIFE CYCLE COSTING VERSUS INITIAL COST
 
The American consumer, ingeneral, is concerned primarily with the
 
initial cost of an item. In the past, he has been largely unconcernei with
 
the operating cost or the life time of the appliance,. Moreover, the
 
consumer is not presently in a position to be able to determine the
 
operating cost of most appliances. Inthe future, the consumer must be
 
made aware of life cycle cost and the benefits derived from paying the
 
higher front end cost,
 
13.1.8 MANDATORY SAVINGS VERSUS VOLUNTARY SAVINGS
 
Many people feel that the potential for reducing energy consumption
 
is great but that voluntary actions may not produce these savings. This
 
argument contends that savings will be realized only if product efficiency
 
is increased or if actions-are mandated. A word of caution seems prudent
 
at this point. Before a conservation action ismandated or legislated', a
 
thorough assessment must be performed. The ECASTAR group feels that the
 
systems approach-coupled with 'technology assessment is a viable tool for
 
-assessing these actions.
 
13.1.9 LABOR INTENSIVE VERSUS CAPITAL-.INTENSLVE
 
An area which has received considerable attention involves the substi­
tution between labor and-capital. Is this substitution desirable? Is this
 
substitution possible? What are the highest potential areas for trading off
 
between capital intensive versus labor intensive operations? Should such
 
a tradeoff.be mandated or left to be determined by market forces? What are
 
the ramifications of such tradeoffs on lifestyles, per capita food consumption,
 
and growth?
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13.1.10 GOVERNMENTAL CONTROL VERSUS FREE MARKET
 
The market system as itexists in the U. S. cannot be characterized
 
as a purely competitive (or free) market. The energy market is no
 
exception. For example, a free market would not include features such
 
as the following: oil oligopoly, regulated utilities (both gas and
 
electric), pr"ice fixing by means of public service commission rate
 
structures, and administered prices (common in the oil industry).
 
One of the oldest forms of government intervention in the market is
 
import duty. Another is import control (e.g. oil quotas). These controls
 
have been used in the past to protect U. S. oil producers from foreign
 
competition. They may be necessary in the future to protect domestic oil
 
and/or domestic synthetic fuel industries from being undercut by low­
priced foreign oil in the event the "knee-deeper" theory (that high prices
 
will cause increased world-wide exploration and discovery, and the world
 
will be "knee-deep" in oil) is correct. Import controls, however, can
 
result inretaliatory measures by other countries. Therefore, such controls
 
should be used with caution.
 
Some people feel that many of the energy problems faced by the U. S.
 
today are the direct result of controls and regulations on oil and natural
 
gas, not to mention restrictions affecting the various industries comprising
 
the American transportation sector and current rate regulations governing
 
utilities. These advocates of the free market argue that better planning
 
and adaptation to dynamic economic circumstances can be accomplished, not
 
by extending government regulations and controls on individuals and busines­
ses, but rather by removing these restrictions and allowing these entities
 
fuller freedom of action to meet future challenges. [Littmann-75]
 
Consider the problem posed by mandating energy efficiency standards.
 
The case for compulsory standards on producers rests on the hypothesis that
 
consumers, functioning in an unconstrained market, would select energy
 
inefficient commodities over a more efficient but higher priced alternative.
 
The standards are intended, of course, to restrict and limit the production
 
and sale of items ranging from air conditioners to large (gas guzzling)
 
automobiles. Infact, standards would also be used to force first costs to
 
reflect the energy costs inherent in any commodity. The possibility that
 
some consumers, even if the true life cycle'costs were known and fully
 
understood, would still choose to buy energy inefficient commodities is not
 
admitted by the mandated hypothesis. Conservation can be achieved by
 
driving a large automobile less frequently. By mandating uniform responses,

the range of consumer,response is constrained. To what extent should
 
individual choice be discarded in deference to a preceived (and prescribed)
 
common goal? Have we precluded against the possibility that a conservation
 
ethic, in conjunction with an individual's personal valuation of a commodity,
 
will be as effective as mandated action?
 
On the other hand, a careful examination of the energy situation reveals
 
that the government may be able to influence the energy market without
 
exercising unacceptable dictatorial control. Some of the options are
 
already being exercised by government. Table 13.1.10-1 lists a variety
 
of these options and some of the areas impacted by these actions.
 
TABLE 13.1.10-1. FEDERAL GOVERNMENT POLICY OPTIONS THAT IMPACT ENERGY PRODUCTION AND CONSUMPTION
 
Effect on: Production Consumption 
0 
Policy Area 'II I H 
Taxation 
Price Controls 
Import Controls 
Energy Performance Standards 
Environmental Regulation 
Land Use Regulation 
Research and Develooment Support 
Governm6nt Stockpiling 
Government Subsidy 
Leasing Federal Resource Land 
Building Codes 
Allocation of Scarce Fuels, 
Mandatory Restriction of Energy Use 
Control of Utilities 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
K 
X 
X 
X 
X 
X 
X 
X 
X 
X 
KX 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X" 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X '= direct,,definable effect 
a) Geothermal, Oil Shale, and Solar 
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13.2 RECOMMENDATIONS
 
While it is left to policymakers themselves to examine the specific
 
actions and assessments discussed in ECASTAR in terms of their own day­
to-day decisions, some broad recommendations are given inthe sections below.
 
13.2.1 UTILIZE SYSTEMS APPROACH
 
After using the systems approach to study energy conservation, the
 
group felt that itwas a valuable tool with which to assess conservation
 
actions "intoto". In using this approach, any conservation actions or
 
group of actions must be characterized in terms of a clearly defined group
 
of constraints and criteria that are established before beginning to
 
construct a conservation policy or strategy. These constraints and
 
criteria may need modification during the iterative process.
 
Feasible actions can be identified by applying the constraints and
 
criteria to all the actions. These actions must be analyzed further to
 
determine the impacts on other sectots, society, economy, environment,
 
etc. This could lead to a listing of advisable actions (those having
 
impacts which are least objectionable).
 
Two of the methods of analysis displayed in the study (undoubtedly
 
there are more) were net energetics and input-output analysis. These
 
techniques provided a method for a more in-depth examination of contemplated
 
actions. This second look, which is not often taken, may be of utmost
 
importance.
 
13.2.2 PROVIDE ACTION/IMPACT ASSESSMENT
 
Many conservation actions have been proposed -- few have been subjected
 
to a thorough analysis. The group feels that the systems approach, coupled
 
with technology assessment, can be used to provide the in-depth analysis
 
needed to assess a potential conservation actions. For example, if a
 
consumer is going to be asked to make a significant lifestyle change, he
 
naturally wants to know what the results of these changes will be. He
 
might also be interested in being informed as to the alternatives to this
 
particular course of action. Citizens may be much more cooperative in
 
saving if they understand that continuing consumption may result in
 
unnecessary adverse impacts. In other words, the advantages and dis­
advantages of each action can be displayed when the action is proposed.
 
13.2.3 ESTABLISH REGIONAL ENERGY CENTERS
 
The ECASTAR group recommends that regional energy centers be
 
established throughout the nation. These centers would be interdisciplinary
 
inthat they will possess expertise in the many areas that bear on the
 
energy situation, e.g. technical, legal, environmental among others. The
 
center would be a disseminator of energy information to interested parties
 
and serve as a focal point for organization of citizen participation in
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energy matters. In addition, such a center would be able to collect,
 
analyze and verify regional level information on the impacts of energy
 
policies. The advantages of a regional level organization are the
 
following:
 
Regional energy centers could allow more citizen participation
 
in the decision-making process. Increasing citizen involvement
 
may result ingreater response to energy conservation challenges.
 
Regional centers should be able to present a more personal
 
view of the energy problem to the residents of that region.

Much of the potential for conservation resides with the
 
individual consumer. For this reason, a large, centrally located
 
federal program may not be as effective as regional centers from
 
which viable information could be more easily dispersed. The
 
ultimate success of any energy conservation program lies in
 
consumer acceptance of that program.
 
The problems facing each region may be similar, but they are not
 
the same. Problems could be identified by region. Some data
 
are already available by regions, and collecting additional data
 
should be easier on a regional basis. Industries, with their
 
specific problems, could be identified and dealt with initially
 
on a re ional basis, e.g. the Prengle study on Texas industry
[PRE_-74].
 
The I/0 model could be disaggregated by regions or states. Then
 
these regions could be connected so that differential impacts
 
over time might be identified. Existing econometric models of
 
regions and states would be easier to link to such a regional
 
model.
 
The regional energy center would function and interact with various
 
groups as shown in Figure 13.2.3-1. Information and expertise on energy
 
matters would be transmitted to such parties as citizens' organizations
 
and governmental units. These groups, partly through their use of this
 
information, would develop local and regional energy policies. These
 
policies would make major contributions toward developing national energy
 
policies. Also, feedback to the energy centers as a result of the inter­
actions would be analyzed by the center for impacts, policy assessments and
 
other vital information. This data would be forwarded to other individuals
 
and groups for additional analysis and national energy policy formulation.
 
13.2.4 DEVELOP CONSTRAINTS AND CRITERIA FOR EVALUATING ENERGY ALTERNATIVES
 
A basic reason for failure to develop a national energy policy has
 
been the inability to arrive at a consistant set of constraints and criteria
 
for evaluating energy alternatives. A program of national energy independence
 
may ultimately result in increased inflation, capital shortages,
 
unemployment and other undesirable social impacts. What is the
 
country willing to pay for what degree of energy independence? These ideas
 
have not been adequately presented to the formers of public opinion with
 
the consequence that no national consensus has yet been achieved.
 
Implementations National Energy 
r - Policies 
Feedback
 
Capstone 
Energy Feedback From Other Regions 
Conserv.
 
Organization 
I FeedbackII 
Regional I, 
EnergyConserv. \< 
,,x. /, Center6P 
ot xperitriseT I Assessments 0 
Specialized 
GnrlGroups Regional 
lenra Citn ctin, e and Local 
GovernmentsPubiCiieAcin e t 
Im 1M Regional and Local Energy Policies 
FIGURE 13.2.3-1. INTERACTIONS OF REGIONAL ENERGY CENTERS
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While several organizations have served to propose solutions to the
 
problems, nowhere have these proposals been evaluated on a systematic
 
comparative basis. The failure to carefully analyze the fundamental constr­
aints and criteria has heretofore precluded such evaluation and has
 
forstalled efforts to arrive at a consensus in developing an overall
 
policy. The recommendation ismade that a broadly based task group drawn
 
from technical, legal, economic and public sectors be formulated to aid in
 
developing a generally acceptable set of overall constraints and criteria.
 
13.2.5 IMPROVE TECHNOLOGY ARTICULATION WITH GOVERNMENT
 
The group urges that a climate be created which will enhance the
 
articulation between persons and institutions directly responsible for
 
technical inventions and those responsible for creating the laws of the
 
society.
 
Issues dealing with energy supply and conservation are among the more
 
contemporary examples of the interrelationships between technology, science,
 
and the political process. Unfortunately, it appears as ifthe communica­
tion links between the "technical inventors" (engineers and scientists)
 
and the "social inventors" (legislators) are but weak and tenuous and in
 
need of strengthening.
 
Engineering has been defined as the application of the fruits of
 
science to the "benefit" of mankind. The word "benefit" isthe challenging
 
one. That which accrues as a benefit to one individual may very well be
 
another individual's cost. As technology assumes a more pervasive role
 
in our society, as our life styles increasingly become linked with our
 
choices of technology, perhaps a new look needs to be taken at the ways
 
in which our society allocates resources. It is necessary to determine
 
who bears the costs and who reaps the benefits arising out of decisions
 
involving technology. As local, state, and federal governments increasingly
 
grapple with technological issues, itbecomes apparent that the big questions
 
the political system determines are resource allocation and the distribution
 
of costs and benefits within a society.
 
Since the links between "technical inventors" and "social inventors"
 
are perceived to be less than ideal, steps should be taken by both the
 
technical community and the legislative community to create a climate
 
which can strengthen these links. Specific actions in this direction
 
might be to:
 
Establish systems analysis and technology assessment
 
capability within legislative bodies at all levels of
 
government. The composition of such activities and modes
 
of integration and operation will be somewhat unique for
 
each level. Perhaps at the local and State levels a
 
substantial degree of citizen participation is needed
 
so that feedback to the community can be enhanced.
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Create engineering and science internship positions at all
 
levels of government so that technical students might have
 
the experience now available to political science, economics,
 
and law students. By this means, the systems analysis and
 
technology assessment point of view might be used on some of
 
the technology-legal issues being addressed by law makers.
 
Establish reward structures within academic institutions to
 
encourage these persons to make contributions at the technical­
legal interface.
 
Assumptions in the above include the following:
 
Engineering, science and technology play an increasingly
 
complex interactive role in our society;
 
Large issues involving technology are resolved by our
 
political system;
 
Our political system works best when it is used by our
 
citizens; and
 
Engineering, science and technology involvement in this
 
political process is not as strong as it should be in view
 
of items one and two above.
 
13.2.6 DESIGN TOTAL ENERGY SYSTEMS
 
Our society has reached a point in time when we should use the
 
systems approach to explore alternative energy systems for the future.
 
Present R & D activities by a new institution, ERDA, represent a step

in that direction, as discussed in Chapter 11. But perhaps an even
 
broader perspective is needed.
 
Why now? It has been said that western technological society in
 
many ways is at a watershed point in history. A major perturbation to our
 
system, such as the one it received from the recent oil shortage problem,
 
can be a major stimulus which is capable of eliciting a host of creative,
 
innovative responses in technical and socio-institutional ways. To an
 
engineer, for example, the requirement that he create his design within
 
a new framework of energy constraints can lead to many new and ingenious
 
ways to meet the problem. Ina broader sense, an institutional response
 
to the "energy crisis" is already evident in the creation of several
 
new institutions for coping with energy problems. ERDA is a prime example

of this kind of institutional response.
 
There are many other trends apparent inour society at this time
 
which suggest that now is the time to look broadly at alternative energy

systems. One area which perhaps needs to be given more attention, from a
 
systems analysis and technology assessment point of view, is the design
 
of total energy systems which are decentralized and which return autonomy

inenergy source to individuals or smaller institutional entities such as
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neighborhoods, cities or regions. Illustrative of such systems are the
 
Modular Integrated Utility Systems (MIUS) which are presently being
 
explored by Housing and Urban Development (HUD) and NASA. Developments in
 
solar, wind, trash burning and other energy systems coupled with the climate
 
of "creative shock", discussed earlier, might produce (with additional
 
R & D) very fruitful, economically feasible, decentralized total energy
 
systems for our future.
 
Total energy systems of a decentralized nature imply major shifts
 
in contemporary institutional arrangements and lifestyles such that it
 
is imperative that a systems approach and technology assessment be-used
 
inexploring these possibilities.
 
13.2.7 UTILIZE EXISTING SYSTEMS APPROACH EXPERTISE
 
As the results of the research and development and data collection
 
programs accumulate, the need for a way to integrate all this information
 
becomes evident. Large systems planning is required. One way to organize
 
this mass of data is to formulate a methodology for integrating the
 
diversity of information from ERDA, FEA, the proposed regional energy
 
centers, etc. This methodology could provide an integrated energy system
 
that is badly needed by this country. It would help in establishing
 
priorities for research funding, in formulating national energy policy,
 
and in providing a constant interative process for refining the data. The
 
cooperation of organizations and institutions with expertise in the
 
systems approach and technology assessment methodology would be needed
 
to initiate such-a program for long range planning for the nation.
 
13.3 EPILOGUE
 
These reconmendations will not, of course, end the energy policy
 
.impasse. They are meant to give direction and organization to the
 
task of gaining information and insight on an energy future with conservation
 
as a significant variable. It is indeed time for all specialists to
 
become interacting members of a "united whole" so that energy options will
 
be put in correct perspective.
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APPENDIX A. ABBREVIATIONS
 
AEC - Atomic Energy Commission GAL - Gallon 
BBL - Barrel, Petroleum Measure, 42 Gallons GE - General Electric Corporation 
BEA - Bureau of Economic Analysis GWe - Gigawatt Electrical 
BLS - Bureau of Labor Statistics HP - Horsepower 
BTU - British Thermal Unit HTGR - High Temperature Gas cooled Reactor 
BWR - Boiling Water Reactor ICC - Interstate Commerce Commission 
CAB - Civil Aeronautics Board IES - Illuminating Engineering Society 
CAC - Center for Advanced Computations I/O - Input-Output 
CD - Calendar Day KWe - Kilowatt Electrical 
CDAY - Calendar Day KWh - Kilowatt-Hour 
COP - Coefficient of Performance LCC - Life-Cycle Cost 
DA - Day LMFBR - Liquid Metal Fast Breeder Reactor 
DOC - Department of Commerce LNG - Liquid Natural Gas 
DO - Department of Interior LWR - Light Water Reactor 
DOT - Department of Transportation Manuf - Manufacture 
EBOPD - Equivalent Barrels Oil Per Day MBT 
- Minimum Spark Timing for Best Torque 
EC - Energy Cost MBTU'S 
- One Thousand BTU's 
EHV - Extra High Voltage MMBTU'S - One Million BTU's 
El - Energy Intensiveness MCF or 
EEA - Energy and Environment Analysis Incorporation 4MCF - Million Cubic Feet 
EPA - Environmental Portection Agency MCFDA - Million Cubic Feet per Day 
EPRI - Electric Power Research Institute MPG - Miles per Gallon 
ERDA - Energy Research and Development Administration MPH - Miles per Hour 
ESI - Equivalents Sphere of Illumination - SFC - Marshall Space Flight Center 
F - Fahrenheit MVA - Mega Volt-Amperes 
FE - Fuel Economy MWe - Megawatt Electric 
FEA - Federal Energy Administration NASA - National Aeronautics and Space Adminisi 
FPC - Federal Power Commission NBS - National Bureau of Standards 
FT - Feet NCSL - National Conference of State Legislatur 
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NG - Natural Gas 
NGL - Natural Gas Liquids 
NPC - National Petroleum Council 
NRC - National Regulatory Commission 
NSF - National Science Foundation 
OCS - Outer Continental Shelf 
OPEC - Organization of Petroleum Exporting Countries 
PM - Passenger Miles 
PWR - Pressurized Water Reactor 
QUAD - Quadrillion BTU (BTU x 1015) 
R&D - Research and Development 
RD&D - Research Development and Demonstration 
S - Sulfur 
SCB - Survey of Current Business 
SCF - Standard Cubic Feet of Gas 
SIC - Standard Industrial Classification Code 
SNG - Substitute Natural Gas 
SPG - Synthetic-Pipeline Gas 
SRI - Stanford Research Institute 
TCF - Trillion Cubic Feet 
Thous - Thousands 
UHV - Ultra High Voltage 
UMTA - Urban Mass Transportation Administration 
USGS - United States Geological Survey 
VM - Vehicle Miles 
YD - Yards 
YR - Years 
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APPENDIX B. UNITS AND CONVERSION FACTORS 
Despite attempts to institute a universal set of physical units,
 
there are units of measure that are peculiar to various segments of indus­
try. Thus, in order to compile data for all of industry, unit equivalences
 
must be known.
 
Table B-1 lists several of the energy equivalents used in this report.
 
Table B-2 defines the prefixes and their symbols inuse today. Several
 
commonly needed conversion factors are presented inTable B-3.
 
B. 1 ENERGY UNITS
 
The British Thermal Unit (BTU) is the basic unit of energy in many
 
measurements. A BTU isdefined as the amount of heat energy required to
 
increase the temperature of one pound of water by one degree Fahrenheit.
 
The quad is one quadrillion (101E) BTU's. The quad should not be confused
 
with the Q which has been used in the past and was defined as 1018 BTU's.
 
The watt-hour is a unit often used to express quantities of electrical
 
energy. The watt-hour is equivalent to 3.41 BTU's.
 
The barrel (bbl.. used as an energy unit, refers to the standard barrel
 
(42 gallons) of crude oil and is defined as having an energy content of
 
5,800,000 BTU. Thus, the energy content of any fuel can be expressed in
 
barrels of crude oil equivalent (BCOE). For instance, heavy distillate
 
has a higher energy content than crude oil (6,960,000 BTU/bbl.) so that
 
its energy rating is 1.2 BCOE/bbl. The equjvalent energy value of crude
 
oil plus natural gas liquids, NGL,(5.5 x 10 BTU/bbl.) is .95 BCOE/bbl.
 
This combination is peculiar to oil and gas production statistics.
 
B.2 POWER PLANT RATINGS
 
Care must be exercised when plant capacities are considered. Confusion
 
often exists as to whether the thermal energy input or the electrical
 
energy output is being discussed. The thermal input and electrical output
 
are related through the efficiency of the particular power plant. The rated
 
output normally refers to the plant's maximum capacity to produce power.
 
Thus, a nuclear power plant having a rated electrical output of 1 GW would
 
be "burning" 3 GW in reactor fuel when at Maximum capacity.
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However, power plants do not run at maximun capacity all of the time
 
since the load to be met will vary hourly. Also, the maintenance down-time
 
of the plant must be considered. Overall, the load factor and plant factor,
 
with the plant's efficiency, determine the amount of energy consumed by a
 
plant. The equation below shows the relation between rated capacity and
 
energy used.
 
GWe = (B.2-1) 
L 
Where, 
GWe = rated electrical capacity 
Q = energy in fuel burned 
N = thermal efficiency 
L = load factor 
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TABLE B-i. ENERGY EQUIVALENTS
 
1 barrel (42 gallons) of crude oil = 5.8 x 106 BTU 
1 barrel of crude oil + NGL = 5.5 x I06 BTU 
1 cubic foot of natural gas = 1035 BTU 
1 gallon of gasoline = 125,OOOBTU 
1 BTU = 1055 joules 
1 Kilowatt = Io watts electrical 
1 Megawatt = 106 watts electrical 
1 Gigawatt = I09 watts electrical 
1 Kilowatt hour = 3412 BTU 
I Quad : 1015 BTU 
1 Quad 1,724 x 108 barrels of crude oil 
I Quad = 40 x i06 short tons of coal 
1 Quad 9.662 x I011 ft.of natural gas 
I Quad = 70 x I06 short tons of lignite 
I Quad per year 0.472 million barrels of crude oil per day 
TABLE B-2. PREFIXES 
Multiplier Prefix Symbol 
1012 tera T 
109 
106 
103 
giga 
mega 
kilo 
G 
M 
k 
102 hecto h 
10 deka da 
10-
lO-2 
deci 
centi 
d 
c 
10-3 milli m 
10-6 micro A 
10-9 
10-12  
10-15  
nano 
pico 
femto 
n 
p 
f 
10-18 atto a 
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TABLE B-3. CONVERSION FACTORS
 
To Convert From To Multiply By
 
I0
meter (m) -I0
 angstrom (A) 
British thermal unit (BTU) joule (J) 1055 
calorie (c) joule (J) 4.1 
erg joule (J) 10-'
 
horsepower (hp) watt CW) 746
 
kip newton (N) 4448
 
2
langley joule/meter2 (J/m 41840
 
phot lumen/meter2 (lm/mC) 10000
 
kilowatt hour (kWh) joule (J) 3.6 x 106
 
BTU/second watt (W) 1055
 
cubic foot gallons 7.48
 
acre square feet (ft2) 43,560
 
acre-foot gallons 325,851
 
Temperature
 
Celsius (C) kelvin (K) tK tc + 273.15
 
Fahrenheit (F) kelvin (K) tK a (tF + 459.67)
 
Fahrenheit (F) Celsius (C) tC 9 F - 32)
 
Rankine (R) kelvin (K) tK = 5 tR 
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APPENDIX C. ALTERNATE ENERGY PERFORMANCE CRITERIA 
In evaluating actions tat may be considered conservation, there is a
 
need to establish a criterion in terms of energy use itself. This appendix
 
begins with a discussion of efficiency in general. It goes on to discuss
 
thermodynamic and economic efficiencies as they relate to energy choices.
 
These are brought together as they relate to the criterion most used in the
 
real world, the criteria that should be used and the implications of any imposed
 
criteria on energy systems. Some broad and specific examples are evaluated
 
in terms of these criteria, especially "net energetics".
 
C.1 EFFICIENCY CRITERIA
 
Efficiency is defined as the ability to produce a desired effect with a
 
minimum of effort, expense or waste. A coefficient is generally associated
 
with it, but the word is often used without explicit reference to the spec­
ific units of measurement, the specific desired effect and the system for
 
achieving such an effect. The intent of this section on energy performance
 
criteria is to provide a partition of energy decisions made under different
 
concepts of efficiency.
 
"Effort" in the above definition shall be considered as the amounts of
 
energy (First Law-of thermodynamics) or available work (Second Law) that are
 
associated with achieving the desired effect. This is discussed in Section
 
C.1.1. "Expense" in Section C.1.2 implies the dollar costs of an action
 
expressed in a first-cost or a life-cycle cost sense. "Wastes" are
 
characterized in Section C.1.3. These concepts are brought together in
 
Section C.2 in terms of their implications for energy conservation. In
 
Section C.3, the big issues, which are the main focus of this report are
 
broadly evaluated in terms of our energy performance criteria. A somewhat
 
analogous endeavor is undertaken in Section C.4 for comparisons between
 
alternate methods for steam generation for a 100 MW electrical generating
 
plant. The alternates are solar, nuclear, coal and oil, compared on bases
 
of first cost and life cycle cost; a net energetics analysis is also given
 
for the solar.
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C.I.] EFFORT
 
The energy measure most often used when. evaluating the performance
 
or setting goals for technological improvement of engines, appliances,
 
industrial processes etc. is energy efficiency which arises from the First Law
 
of thermodynamics. The First Law may be stated as: Energy can be neither
 
created nor destroyed, but only converted from one form to another. First
 
Law energy efficiency is a comparison of the useful energy output of a process
 
or system to the energy input necessary to obtain that desired output. Thus
 
an increase in energy efficiency can be thought of as a decrease in the
 
amount of energy (effort) necessary to produce a desired output.
 
When making comparisons between alternate ways of performing an activity
 
or setting a goal for that activity in terms of energy efficiency, the defini­
tion of the specific situation must always be carefully stated. That is,
 
the efficiency that is being referred to must be defined relative to a
 
system and a process. There are many energy efficiencies that can be defined
 
for a given system. The choice of which to use is often the deciding factor
 
inwhether the system performance is good or bad. For example, when referring
 
to the efficiency of a power plant, a qualifying statement must be made as
 
to whether the energy input istaken to be the raw fuel energy inor the
 
heat input to the working fluid at the boiler. Likewise, the point of
 
measurement and form of the energy output must be stated. Is it the
 
electricity at the bus bars, electricity delivered to end use or total
 
energy out of the system consisting of electricity plus the heat energy out
 
in the cooling water. This concept must also be kept in mind when specify­
ing standards of performance or desired increases inperformance, and
 
when comparing two energy using systems or devices. An example is the
 
setting of a goal of 20% increase in efficiency for a specific type of
 
energy-using consumer product. The definition of efficiency must be cast
 
in terms of specific-statements as to what the input and output energies
 
are, and how they are to be measured.
 
The First Law of thermodynamics states that all forms of energy are
 
equivalent in that, when one form of energy disappears, an equal quantity
 
in another form appears. The First Law makes no attempt to designate whether
 
or not a system or process is ideal or to specify the direction the process
 
must take. For all systems the First Law is a bookkeeping device to ensure
 
that energy is neither created nor destroyed but merely changed in form.
 
The second law of thermodynamics recognizes that all forms of energy are
 
not equal in their ability to do work -- some forms of energy are more
 
valuable than others. All real processes convert energy from the more
 
useful to the less useful forms, i.e., energy is degraded. For example,
 
high-quality energy (fossil fuels, nuclear energy, hydropower) is converted
 
to other forms of high quality energy (electricity, work, high temperature
 
heat) plus some low quality energy (low temperature heat). As an example
 
of the difference in grade of energy, consider the energy contained inthe
 
cooling water from a power plant. Although this water contains a great
 
deal of energy,its quality is low. That is,because of its very low
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temperature, very little useful work (high grade energy) can be obtained
 
from it. The First Law ofthermodynamics cannot reflect the degradation of
 
energy from high grade to low grade during an energy conversion process

since its satisfaction merely requires energy's being conserved. A measure
 
of the performance of a system which does reflect the degradation of energy
 
is the Second Law efficiency or effectiveness. The effectiveness is defined
 
in terms of available energy whibh is actually consumed in a process unlike
 
energy which is conserved. "Available energy is the maximum portion of
 
energy that could be transformed into useful work by processes which reduce
 
the system to a state inequilibrium with the earth and its atmosphere"
 
[Obert-63]. The effectiveness isdefined as:
 
= 	increase in available energy of desired output
 
decrease in available energy required to obtain output
 
That is,it is the ratio of the least available energy that could perform

the task to the available energy actually consumed in doing the task with a
 
particular system or device. The utility of the Second Law efficiency is
 
that it emphasizes ,processes where there is a mismatch between the grade
 
of the input energy and the grade of the deired energy output. For example,

although the First Law efficiency of a gas furnace is 70%, its effectiveness
 
isonly about 13%. Since the desired output from this system is low grade
 
energy (low temperature heat), the low value of the effectiveness is an
 
indication that high quality energy has been used to obtain a low quality
 
result or that low quality energy input could have been used to obtain the
 
same desired result. A good example of a process that would have a high
 
effectiveness and use low grade energy (e.g., from the cooling water
 
mentioned above) would be to use waste heat from a power plant or industrial
 
process for space heating, A more subtle example would be an indication
 
that more emphasis should be placed on improving combustor performance in
 
a power plant than-on improving the condenser performance. This is true
 
because more available energy is lost inthe combustor than inthe condenser
 
although the opposite is true for energy losses.
 
The effectiveness is an indicator of how well a specific device
 
executes specific task relative to how efficiently that task could have
 
been performed by an ideal (best possible) device. It isalso a measure
 
of how much improvement is.possible. Maximizing the effectivenesswill
 
minimize energy consumption for a given task. The distinction between
 
First and Second Law efficiencies may be extremely important in that it
 
could indicate where funds should be allocated for research and development
 
aimed at increasing energy performance of systems and devices.
 
The concept of energy efficiency can be extended to include all the
 
energy inputs necessary to obtain a good or service, i.e., NET-ENERGETICS.
 
Net-energetics isan energy accounting scheme whereby the total energy cost
 
(energy inputs in BTU, kwh, etc.) of providing a good or service is
 
considered. Only when we know the total energy cost of a good or service,
 
can we determine the energy conserved,by consuming one good or service
 
instead of another, or by substituting a new technology for another. Energy
 
inputs (or cost) to provide a good or service are classified as direct
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or indirect. Direct energy isihat consumed at the end-use point, such as
 
oil used in a furnace, gasoline used in an automobile or electrical energy
 
to produce a given product. Inditect energy is that which has gone into
 
the various activities and raw materials which were necessary for .the
 
production of a good or service, such as energy which has gone into the
 
production of the raw materials, energy expended to provide plant and
 
equipment, etc. There are several levels at which net energetics can be
 
applied, distinguished from each other by the degree to which indirect
 
energy costs are charged to the good, service, or process. Figure C.1.1-1
 
illustrates various levels of net energetics. This concept is similar to
 
economic analysis in that accounting techniques charging overhead to the
 
production cost per unit of output and life cycle costing are used. These
 
techniques have been extensively employed, but the energy costs have not
 
been handled in this way. Energy costs are embodied to some degree in
 
financial costs.
 
At its simplest level, a net energetics analysis considers the energy

required to produce a given product. This energy is subtracted from
 
the energy which will be saved if the product or process is substituted
 
for another. For example, if insulation is installed in a house to decrease
 
the energy consumption for space heating, the energy cost of producing

that insulation would'be subtracted from the gross energy savings to
 
determine a net savings over the life of the insulation (assumed same as
 
house). The next level would consider the conversion and distribution
 
losses associated with the energy used in producing the insulation
 
on until a portion ofall energy inputs associated with the product are
 
charged to it. Inaddition, the money saved by the home owner might be
 
used to buy goods or services which have energy inputs associated with them
 
which, in a complete analysis, should also be charged in part to the
 
insulation (cf. TableC.1.1-1). One means of performing a net energetics

analysis, especially when many levels are to be studied, is to use an input­
output model of the economy. This technique can be employed to study the
 
effect that a change in energy demand in one sector has on all other
 
sectors' energy demands. It can also beised to determine all the energy

inputs, both direct and indirect, that go into a unit of a good or service.
 
This identifies areasxith high energy use and high potential for energy

conservation. An example of how this technique would be applied to
 
computations of various levels of net-energetics is given below. The
 
essential point isthat net-energetics can look at the direct and indirect
 
energy costs of any output of the system. Although the initial thermo­
dynamic focus is on energy to get energy, the input-output analysis can
 
be used to expand this to energy to get products and services.
 
The input-output total and direct requirement's matrices can be used
 
to illustrate various levels of net energetic computations. For this dis­
cussion assume there are only 3 industries in the economy: mining, manufact­
uring, and energy. The total and direct requirements are given inTables
 
C.1.1-2 and C.1.1-3. 
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TABLE C.1.1-I. 	 THE ENERGY AND LABOR INTENSITY OF 20 ACTIVITIES OF HIGHEST
 
PERSONAL CONSUMPTION EXPENDITURES (PCE) [Hannon-75]
 
PCE sector description 
Electricity 
Gasoline and oil 
(Housing) 
(Auto ownership) 
Cleaning preparations 
(Average PCE) 
Kitchen and household appliances 
Ni wand used cars 
Other durable house furniture 
(Private investment) 
Food purchases 
Furniture 
Energy 
intensity(Btu per 
dollar) 
502.500 
480.700 
-(144.000) 
(I 1.500) 
78.100 
(70.000) 
58,700 
55,600 
54,600 
(45,600) 
41,100 
36.700 
Labor 	 Energy Laborinenit itcslyintensity 	 intensity 
intespity
Cobs per(Bupr 
$1000) 
00436 
0.0729 
(NA) 
(.081) 
0.0733 
(0.080) 
00551 
0.0775 
0.0894 
(0.065) 
0.0852 
0.0917 
TABLE C.1.1-2. 

PCE sector description (tu per (jobs per 
Cbpe 
dollar) $1000) 
(Federal taxes) (36,300) (0.082) 
Women's and children's clothing 38,100 0 1000 
Restaurants 32.400 0.0875 
Men's and boys'clothing 31,400 00984 
Religious and welfare activity 27,800 00863 
Private hospitals 26,100 01718 
Automobile repair and maintenance 23,500 0.0483 
Financial interestsexcept insurance 21,500 0.0784 
Tobacco products 19,800 0.0585 
Telephone and telegraph 19,000 0.0585 
Rented home 18,300 0.0350 
Physicians 10.700 0.0325 
Own home 8,300 0.0167 
TOTAL REQUIREMENTS
 
Dollars of input to produce one dollar of final demand
 
Energy Mining Manuf. 
Energy 1.3 .2 .1-
Mining .2 1.2 .1 
Manuf. .1 .1 1.3 
TABLE C.1.1-3. DIRECT REQUIREMENTS
 
Dollars of input per dollar of total output
 
Energy Mining Manuf.
 
Energy .20 .11 .24
 
Mining .13 .29 .18
 
Manuf. .06 .06 .27
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Further assume we know total BTU's purchased by mining and manufacturing,
 
and total BTU's supplied by energy. The transacted BTU/$ ratios are given
 
inTable C.1.1-4.
 
One way of assigning an energy cost (E.Ci) to a dollar of total output
 
is to simply use the transacted BTU/$ ratio. At this level energy cost/$
 
is 5, 10, and 10 BTU's respectively.
 
Level I
 
The toal requirements matrix shows what the total input requirements
 
are to produce $1 of final demand. These inputs can be converted to BTU
 
inputs and summed to get the E.C. in terms of transacted BTU's for each in­
put. For example, under this scheme the E.C. for the energy industry would be:
 
[1.3 x 5] + [.2 x l0] + [.1 x 10] = 9.5 BTU's/$ 
The numbers (and E.C. rankings) change because each input may have
 
different level 1 E.C.'s (cf. Table C.1.1-5).
 
Level 2
 
If the numbers inTable C.1;1-5 represent more precise estimates of
 
the energy cost to produce $1 of final output, we can recompute the BTU
 
total requirements. For example, the E.C. for the energy industry would
 
now be:
 
[1.3 x 9.5] + [.2 x 13.0] + [.1 x 16] = 16.55 BTU's 
Some care should be used in interpreting this number. 16.55 represents
 
the E.C. based on directly transacted BTU's (5,10, 10) and on the
 
non-directly purchased energy imbedded in the inputs.(viz. 4.5, 3, 6, are
 
determined by subtracting corresponding elements in Table C.1.1-4 from those
 
in Table C.1.1-5).
 
C.1.2 EXPENSE
 
Efficiency in a broad economic sense Is achieved when society chooses
 
an allocation of resources such that no one individual can be made better
 
off (interms of his own evaluation) without making at least one other
 
individual worse off. An important aspect of this idealized criterion is
 
that it is difficult to compare individual values to each other in any
 
meaningful way. Hence, statements cannot in general be made regarding the al­
TABLE C.1.1-4. TRANSACTED BTU/$
 
Energy purchased as such to produce one dollar of final demand.
 
Energy 1.5
 
Mining 2.10
 
Manuf. 3.10
 
TABLE C.1.1-5. LEVEL 1 E.C. BTU'S ($FINAL DEMAND)
 
direct + indirect
 
Energy 9.5 = 5 + 4.5 
Mining 13.0 = 10 + 3.0 
Manuf. 16.0 = 10 + 6.0 
TABLE C.11-6. LEVEL 2 REEVALUATED ENERGY COST
 
Energy 16.5
 
Mining 19.1
 
Manuf. 25.9
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location of energy resources among individuals. It is then left to the market­
place to provide individual agents with prices upon which they make energy
 
decisions. Since these prices fail to take into account external by­
products caused by these decisions (e.g., pollution, urbanization, etc.)
 
and the approach of scarce resources to their inevitable limits, market
 
decisions based on them are thought unreliable in a social sense.
 
Inthe absence of some social welfare index, we must look at individual
 
decisions in terms of the costs to the individual himself and simply
 
postulate on the impacts of his actions. In making energy systems choices,
 
the individual may consider only the initial costs (labor, machinery,

materials, etc.) of implementing that system. Many decisions are made
 
according to first-cost efficiency. This means that an individual will
 
choose the system which minimizes the initial cost of implementation.
 
There is no attention paid to the operation of the system through time.
 
A second expense criterion is called the system life-cycle cost
 
method. It incorporates not only the initial cost of the energy system,
 
but the discounted presentvalue of the stream of expected energy costs
 
in the future. If P is the present price, r the discount rate, n=l, ..., N
 
the number of periods of asset life and Cn the operating costs in period n,
 
then the formula-for life-cycle cost, LCC, is
 
n 
LCC = P + l IF (C.l.2-l) 
Although it is in dollar terms, it accounts for energy utilized at
 
prices that are expected to go up inthe future by at least the rate of
 
inflation. The individual's feeling about the future is incorporated in
 
the subjective discount rate. It is felt, then, that LCC is a better
 
criterion for energy decisions. Although major business concerns have used
 
it for some time, the residential and small commercial- decision-makers
 
seem largely unawareof it. It is intermediate between first-cost and
 
the net-energetics criteria proposed above.
 
C.1.3 WASTE
 
Figure C.l.3-1 depicts the order of attack of an efficiency program
 
on waste. The total consumption to accomplish the task has a peripheral
 
amount which attention or technology could reduce or eliminate. Next there
 
is an amount of consumption dictated by the practical consideration of
 
producing goods and services at a profitable rate. There two elements of
 
the waste stream could in principle be converted to useful products if
 
a task could be developed to utilize the waste stream or if the process

could be modified to render the stream useful. Waste control is therefore
 
not just elimination. There is potential for turning waste to productive
 
ends.
 
THEORETICAL 
MINIMUM 
LIMIT WITH 
PROCESS B 
LIMIT WITH 
PROCESS A 
TWASTE
 
DICTATED BY 
CONSUMEDPRODUCTIVITY AND 
IN ACCOMPLISHING PROFIT ABILITY 
TASK CONSTRAINTS 
WASTE AND PERFORMANCE LIMITS PICTORIALIZED
 
FIGURE C.l.3-1.
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A trade off exists at the next level, that of alternate processes.

Careful consideration should be given to the character of the waste
 
stream in seeking lower total consumption. It could well be that more
 
benefits could follow from a process which consumes slightly more in
 
accomplishing the task ifthe waste stream is tailored to some task. The
 
opposite is even true in that old "Wasteful" processes may be retained in
 
order to preserve a secondary process dependent on the waste stream. This
 
attitude of analyzing with the product and waste streams for increased
 
potential utility will increase as we exhaust the easy waste reduction
 
options and move on to major actions involving whole system substitutions
 
instead of component or sub-system changes.
 
The third point to be gleaned from the diagram is that the best
 
measure of achievements or potential is the state of the art limits, not
 
the theoretical limits. As was pointed out in Chapter 3, most tasks do not
 
have a theoretical limit such as-the Carnot efficiency because they require

evaluation of intangibles. The suggested rule is to compare performance to
 
process dependent limits rather than ideals.
 
The treatment of waste requires these wider views in order not to
 
overlook potentials for overall gains in fruitless pursuit of ideals.
 
C.2 IMPLEMENTATION OF PERFORMANCE CRITERIA
 
The disjoint discussions of effort, expense.and waste provide alternative
 
criteria for judging energy systems. They are to be joined here in a discussion
 
of substitution.
 
Substitution can simply be considered as the choice of an alternative
 
to replace a pteviously chosen one. Itwas seen in Figures 1.2.1-1 and Fig­
ure 1'2.1-2 of Chapter 1 that consumers and producers attempt to achieve
 
their various objectives by combining energy inputs, material goods and
 
services. Some obvious areas for substitutions are technologies (extraction
 
processing, manufacturing, and final use), energy sources, materials for
 
energy, dollars for energy, and comfort for other wants. Substitution is
 
such a general concept that the three modes of conservation described above
 
can be expressed in terms of it. Substitution of plentiful for scarce fuels
 
is an obvious one. Increasing energy efficiency entails a substitution of
 
energy-using hardware. Curtailing energy dnd-use is a substitution of
 
consumer wants for one another. The status quo can serve as the base choice
 
in any substitution.
 
First-cost, life-cycle cost and net-energetics can be used at any level
 
of the resource chain to evaluate potential substitutions. They are all
 
essentially examples of cost-benefit analysis. In the absence of detailed
 
information all along the resource chain, there seems no better way to
 
illustrate the point than a hypothetical example. The latter presents

various substitutions df processes. As mentioned above, this is only one
 
area in which they may occur.
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As depicted in Figure C.2-1, consider energy resources, ALPHA-S18 and
 
ALPHA-19 that can be gotten out of the ground by:
 
(El) Extraction 1 (deep room mining)
 
(E2) Extraction 2 (open pit mining).
 
Once out of the ground, ALPHA-18 or ALPHA-19 is used by a firm (at the
 
site) in combination with labor, capital and other materials in two
 
processes:
 
(P1) Process 1 (chemical reduction: cracking)
 
(P2) Process 2 (physical reduction: grinding)
 
to produce BETA.
 
BETA is used by a manufacturing firm (also at the site) to produce
 
GAMMA by either:
 
(Ml) Manufacture 1 (assembly line)
 
(M2) Manufacture 2 (total 'product produced by each w^orker).
 
Local consumers use GAMMA by either:
 
(Cl) Consume 1 (internal)
 
(C2) Consume 2 (external)
 
to obtain PLEASURE from Cl or KNOWLEDGE from C2. This is schematically
 
represented in Figure C.2-1.
 
The possible substitutions are ALPHA-18 vs ALPHA-19, El vs E2,
 
P1 vs P2, Ml vs M2, Cl vs C2, and using ALPHA-18 and ALPHA-19 for entirely
 
different purpose.
 
It is assumed that the techniques in each category use the same amounts
 
of labor and other materials, but a different "machine" and different amounts
 
of energy. Hypotheti.cal data for these processes in terms of the performance
 
criteria are given in Table C.2-1. The energy efficiency column measures
 
the BTU's per dollar of output of the firm. As noted above, a true net-ener­
getics would take into account all the indirect as well as direct energy.
 
This point is ignored in the example. The stars (*)represent the efficient
 
choices by each criterion in the five two-row comparisons. These are called
 
CATEGORY CHOICES. In cases where the decision - maker would be indifferent,
 
there is no star.
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S MA NU FA INGC O S M N
 
PRCESSI G PLEASUR9 
ALPA TA MA KNOWLEDGEPH 
T U 
2
El ( E2 (18) El (191 E2 (19) 
FIGURE C.2-.1 SCHEMATIC DIAGRAM OF POTENTIAL SUBSTITUTION
 
TABLE C.2-1. MEASURING RODS FOR ACTIONS
 
ENERGY EFFICIENCY
 
.FIRST-COST LIFE-CYCLE COST BTUi$ OUTPUT
 
ACTIVITY $ thousands $ thousands BTU (THOUSANDS)
 
El (18) *100 *350 *10
 
E2 (18) 150 400 12
 
El (19) '200 280 14
 
200 *260 *8
E2 (19) 
Pi 90 *10 5 
P2 *80 110 *4 
41 50 *80 *1
 
m2 *30 90 9
 
7Cl 10 25 
2 *5 25 7 
U4 The data in Table C.2-l have been arranged so as to include cases
 
where the criteria yield the same choice and different choices. The differ­
ences depend on the relationships of the price of the machine to its energy

operating costs over time, and the life-cycle cost to the number of BTU's
 
used per dollar output. The first is based on empirical facts. Included are
 
positive, constant and negative relationships. The second is based on the
 
relationship of dollars to BTU's, and is discussed below. Again positive,
 
constant and negative relationships are displayed.
 
In order to discuss substitution, the * choices El(18), P2, M2, C2
 
according to the first cost measure will be considered the status quo
 
choices. CROSS-CATEGORY SUBSTITUTIONS are made among the various cate­
gories in the resource chain. Potentials for substitutions may exist at
 
each level, but some are better than others. It is assumed that large

numbers of substitutions cause economic disruption. They then may be
 
ranked in terms of each non-status quo criterion. Table C.2-2
 
presents the savings according to each. The change from El(18) to E2(19)
 
is the greatest LCC-saving substitution. According to energy efficiency,
 
however, the Ml to M2 substitution presents the greatest savings. The
 
substitution of C2 for Cl does not benefit or hurt the decision-maker.
 
A crucial element in an accounting system such as net-energetics is
 
a proper treatment of the system boundary. This includes processes within
 
the boundary and flows across it. Serious problems arise in utilizing the
 
accounting system as a relative measure of performance when systems dif­
ferences are not properly recognized and weighted in the comparison.
 
Problems arise in specifying the system boundary. The level of
 
generality can be chosen in many different ways, as mentioned above.
 
The problems include double accounting of indirect energy flows, unequal
 
assignment of boundaries to alternate systems, and excess generality.
 
The last alters the relative size and assignments of aggregate flows
 
among systems. The simplest systems such as a generator dr pump have
 
well-defined boundaries for measuring direct efficiency, life-cycle
 
costs, and even energy imbedded in their manufacture. All the boundaries
 
begin to become ill-defined as more levels of accounting are included.
 
The flows crossing the boundaries of a system present two problems
 
in measurement. The energy flows themselves are simple to measure and
 
compare. The imbedded flows into or out of the system are much more
 
difficult to asses. Also, the charging of imbedded flows to downstream
 
users often requires arbitrary partitioning of the flow. In comparing

alternate systems as an assessment of their relative merits, it is nec­
essary to weight the different forms and amounts of input and output flows.
 
In particular the character and impact of waste streams or by-product
 
streams may differ significantly.
 
Since the distribution of an imbedded quantity like energy with 
respect to number of units is apt to be very skewed, the energy-weighted 
average and the dollar weighted average would give different rates than 
the gross ration. The most important addition to energy accounting in 
the trend toward net-energetics is the valuation of waste and by-product
and recycling streams in terms of the.ir potential value impacts. The 
flow of impacts is like a flow of costs or charges back into the process.
This is an internalization,of those things such as pollution which used 
to be strictly outside the system boundary. 
TABLE C.2-2 GAINS FROM SUBSTITUTION
 
SUBSTITUTION LIFE CYCLE SAVINGS ENERGY SAVINGS 
($ x 103) (BTU x 103) 
El (18) to E2 (19) 350 - 260 = 90 10 - 8 = 2 
P2 to P1 110 - 100 = 10 STAY AT P2 
M2 to Ml 90 - 80 = 10 9 - 1 = 8 
C2 to C1 INDIFFERENT INDIFFERENT 
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In comparing alternate systems, the last point of difference is the
 
activity within the boundary. There are lost potentials, impacts, and
 
charges (or credits) to the process within that boundary.
 
The exact application of an energy accounting method is going to
 
require considerable experience and testing of methods for assigning
 
boundaries and weighting differences in input flows, output flows, and
 
opportunities. As an example, the reader needs only to recall the
 
potential system boundary charge associated with -waste heat utilization
 
by power plants.
 
The essential point of the example isthat most energy systems in the
 
real world are chosen on a first cost basis. Itappears to be difficult
 
to get the average citizen to consider life-cycle costing and energy efficiency
 
criteria. The latter two have the potential to alleviate some of the U.S.
 
energy problems.
 
The relation of dollar costing to net-energetics is basically

tied to the mapping between dollars and BTU's. Life-cycle cost as well as
 
first-cost may yield energy choices that are detrimental in a net-energetics
 
sense. This is principally caused by the problems with energy prices as
 
discussed in Section 0.1.2 above. It has been warned, however, that the energy

shortage may be a passing phenomenon. Itfollows that a BTU theory
 
of value may place too much importance inthe future on a commodity that
 
is relatively scarce today. This latter viewpoint will essentially obviate the
 
need for net energetics criteria. Until the energy scarcity does indeed pass,

the need for alternative energy accounting methods will-remain. More needs to­
be done specifically to determine the degree of disparity between dollar and
 
and energy measures. Of particular importance because of its previous neglect
 
is the relation of energy prices to energy availability in the sense of the
 
Second Law of thermodynamics.
 
C.3 APPLICATION OF THE CRITERIA TO MAJOR ISSUES
 
The efficiency and energy accounting concepts discussed above should
 
always be considered when 'planning or implementing a strategy that has wide­
spread effect on energy consumption patterns. Three such programs currently

being considered or in some stage of implementation are: Electrification -­
the move toward an electric economy; Diversification -- the move toward
 
several different energy sources; and National Energy Conservation -- a
 
move toward a widespread energy conservation;and oil policy in the United
 
States. Each of these strategies involves several actions which should be
 
analyzed and compared by application of criteria including those discussed
 
above.
 
Representative actions included in the electrification strategy are
 
conversion to coal for electric power generation; conversion to nuclear
 
energy for electric power generation;.development of electric automobiles;
 
development of electric fixed rail transit; installation of heat pumps
 
for space conditioning; and installation of electric furnaces for indus­
trial applications. Justifications which are cited by proponents of
 
electrification are that itwill make use of fuels which are plentiful
 
relative to gas and oil; electricity used correctly will imply that
 
energy supplies be used more efficiently; adequate power generating
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plant load leveling will result inmore efficient use of economic
 
resources. Inlight of these justifications, each of the actions included in
 
the electrification strategy should be analyzed relative to alternative
 
means of accomplishing the same effect. Three of the criteria which should be
 
applied while making the analysis are energy efficiency (including net ener­
getics), economic efficiency and examination of the creation of waste and
 
opportunities for its use. For example, when considering the conversion to
 
coal and nuclear energy, a net energetics study should be done which considers
 
all of the direct and indirect energy inputs which go into the production

of a unit of output -- electricity. Some studies have indicated that from
 
the viewpoint of this criterion, these alternatives do not appear to be at­
tractive relative to oil or gas-fueled plants. When the second energy

performance criterion isapplied, however, the use of these alternate fuel
 
sources becomes more attractive. Finally, an examination of the waste created
 
when primary energy is converted to electricity reveals that apparently more
 
energy iswasted (2/3 to cooling water) than where primary energy is used
 
directly. This introduces the concept of looking at the entire system
 
from the mine or well to the final end use point. The electric car and
 
heat pump illustrate this. If the energy is traced from its source through
 
the various phases of use and conversion from a net energetics standpoint,
 
a very good case can be made foP the electric heat pump as opposed to direct
 
use of primary energy. For the case of the electric car, an analysis employ­
ing net-energetics and life-cycle costing may indicate steps in the energy
 
use chain where development will lead to higher overall energy and financial
 
efficiencies with the added advantage of fuel substitution and electric
 
generating plant load-leveling. If'means for using the waste heat from
 
power plants can be devised, the overall efficiency of the entire system

(both energy and economic) will be greatly increased and the biggest potential

drawback to electrification will be alleviated.
 
On the other hand, some of the actions (e.g. rapid transit) contemplated

inthe electrification strategy may not be attractive from a net-energetics
 
and/or an economic standpoint. At any rate, each action must be analyzed in
 
light of all the other actions using a net-energetics and life-cycle costing

approach.
 
Some of the actions which are included in the diversification strategy
 
are the development of solar energy, geothermal energy, oil from oil shale
 
and energy from ocean thermal gradients. Conversion to coal and nuclear
 
are also actions which are considered in the diversification strategy and
 
overlap with electrification.
 
Each of these actions is a prime example of those which should be
 
thoroughly examined from a net-energetics and life-cycle costing standpoint.
 
Infact, such analyses have been carried out on some of them. They will not
 
only indicate whether a given action is feasible,.but will also indicate
 
the stages inthe energy use chain where increased technological develop­
ment is needed and should be concentrated. A net-energetics analysis for
 
each of-these alternate energy sources would consider all of energy inputs

that are required to obtain a unit of output. Economic analysis would
 
have to consider the net economic cost of producing a unit of output and
 
weigh this against the cost of producing the same output by conventional
 
means. It is difficult to assign an energy-or financial value to the
 
utility of avoiding having "all of your eggs in one basket" and making use
 
of all available energy sources.
 
National Energy Conservation proposes basic actions which should be
 
taken "T6 increase domestic energy supplies and availability; to restrain
 
energy demand; to prepare for enercy emergencies; and for other purposes."

Six of the basic actions which might be proposed are establish a price
 
ceiling on oil; restrict gasoline demand to 1974 levels; establish
 
mandatory automobile efficiency; establish industrial .efficiency improve­
ments; establish energy labeling and efficiency standards for consumer
 
products other than automobiles; conversion from oil or qas to other fuels.
 
Again the methods of net-energetics and life-cycle costing should be applied
 
to each of these actions and to the overall strategy. For example, estab­
lisment of energy efficiency standards for automobiles may lead to increased
 
use of energy intensive materials such as aluminum and plastic and result
 
in increased use of energy. From a life-cycle cost viewpoint, lighter
 
cars (ifthis is one way increased efficiency is achieved) may end up cost­
ing the'consumer more in operating costs in the long run because of less
 
durability. A more subtle point is the question of how the consumer will
 
make use of any saving that might accrue from energy savings. If he
 
spends it on energy intensive activities, the action may turn out to be
 
counter-productive. The same principles can be applied to industrial
 
efficiency improvements and increased consumer product efficiency. The
 
means of achieving these improvements must be analyzed in light of their
 
energy and monetary costs to determine if indeed a savings will be realized.
 
The price ceiling on oil may also lead to increased energy consumption as
 
well as higher costs in the long run. This action may impede development

of alternate sources or increase oil use for other than electrical genera­
tion. Itappears that some of these actions may be at odds from a net
 
energetics standpoint and a need for such an analysis which considers all
 
of the actions together is strongly indicated.
 
C.3.2 INPUT-OUTPUT ANALYSIS
 
Input-output analysis is a descriptive model- of an economy. Its appeal
 
isthat it exhibits the relationship between the volume of output generated
 
by an industry and the size of the inputs going into that production. It
 
isan important tool because it permits the tracing of the flows of inter­
industry transactions as well as the composition of gross national product.
 
Fundamental to the understanding of the input-output flow is the
 
distinction between the total output produced by an industry and the final
 
demand for the products of an industry. Gross national product, GNP, as
 
defined by the Department of Commerce, iseither computed as the sum of
 
final product flows or as the sum of the incomes generated inGNP production.

Components of final product flows are.personal consumption expenditures,
 
gross private domestic investment, net exports of goods and services, and
 
government purchases of goods and services. Lumped together these define
 
aggregate demand. On the other side, some of the incomes generated in the
 
production of GNP are compensation of employees, proprietor's income,
 
rental income of persons, corporate profits and inventory valuation adjust­
ment. One way of displaying these two equivalent definitions of GNP is
 
given inTable C.3.2-1. Notice that the box that represents producer to
 
producer sales of goods and services used in production is blank. These
 
sales are already included in the value of the final products that add up
 
to the total GNP.
 
TABLE C3.2-1. COMPONENTS OF GNP 
INCOMES 
Producers 
Owners of 
Business & Cap. 
Government 
Producers 
Employee 
Compensation 
Indirect 
Business 
Taxes 
Persons 
Personal 
Consumption 
Expenditures 
Final Production 
Investors Foreign 
Gross Net 
Private Exports 
Investment 
Government 
Government 
Purchases of 
Goods and Services 
GNP 
GNP 
0 
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However, since industry sales to industry are of interest we can
 
isolate these by expanding the blank box. Table C.3.2-2 displays the input­
output flows as well as the components of GNP. A row shows the sales of
 
that industry to each of the other industries as well as to the final
 
markets. Total output is thus the sum of industry sales to other indus­
tries and sales to final markets. Final demand is only the sales to final
 
markets. A column shows the industrial sources of goods and services used
 
in production as well as the incomes generated by the industry for the
 
column. Note also that value added is the term kused to summarize the
 
incomes. Given the input-output display we can than ask what information
 
is contained in the table. There are three primary types of information:
 
1. Transaction Flows
 
These are the dollar value of transactions among

industries. Each row shows the sales to each industry
 
and to final markets. If X- is the total output of industry
j and f. is the sales of industry j to final markets then:
 
Xj = 	Exij + f • (C-I) 
i 
Where Xij is the sales of industry j to industry i.
 
2. Direct Requirements
 
Using Table C.l.l-3, eachcolumn shows the inputs that
 
the industry named at the top of that column required from
 
the industry named at the beginning of each row to produce
 
a dollar of its output. Direct requirements are denoted by
 
aiA -- requirements from industry j for industry j to produce
 
afollar of total output. The definition of aij is given by:
 
aij = Xij 	 (C-2) 
Xi
 
3. Total Requirements
 
Total requirements are the sum of direct and indirect
 
requirements needed to produce one dollar of final demand.
 
Anexample of an indirect requirement would be the iron ore
 
needed for the production of steel which is used inautomobile
 
production. Since automobile production does not consume iron
 
ore directly, the entries in the transaction matrix and
 
direct requirement tables would be zero. How are total
 
requirements computed?
 
Xi =SaijX. + f. 	 (C-3) 
is the equation which related total output to sales of final
 
outputs fl and to sales to intermediate production saijXj.
 
TABLE C.3.2-2. INPUT-OUTPUT FLOWS 
Producers Final Markets 
PRODUCERS 
VALUE ADDED 
Agricultur'e 
Construction 
Manufacturing 
Em lo eesF Owners of Business&Capital 
Government 
Agriculture 
________________ 
__________________ 
Mining Construction 
"_ 
Manufacturing 
_______ 
Persons 
____ 
Government 
_____ 
______ 
GNP 
Writing this relationship inmatrix form we have:
 
x = Ax + F (C-4) 
Where x = (Xi,...,Xj),A = (aij), and F = (fl,...,i). 
An equivalent form is given by:
 
(I-A) x = F (C-5) 
To find total requirements solve the equation to find outputs
 
needed to meet final demands F.
 
x = (I-A)-IF (C-) 
The total requirements are the column entries in the
 
(I-A)-I matrix.
 
Remembering that GNP = fjiwe can define an industry's 
share of GNP, Wj = fj/GNP. Ifone assumes the Wji' are fixed 
then given a projection of GNP, say GNP, an estimate of final 
demand for industry j is given by: 
5j = j NP (C-7) 
The consistency of the estimated GNP can be evaluated
 
by substituting fj into (C-6).
 
-
x= (I-A) F (C-8)
 
If the output derived in x is greater than the estimated
 
supply (crude petroleum e.g.) the GNP estimate is too large.
 
An alternative to lowering GNP would be to change the W1j
s
 
and/or alter the direct requirements matrix A.
 
If L. is a vector of total labor employed by all industries,
 
we can compute the ratio of labor to output by
 
Zi = li/Xi (C-9) 
Using (C-9) the dollar transactions matrix can be
 
converted to a labor transactions' matrix by multiplying
 
(each entry in)the ith row of the transaction matrix by ti.
 
A similar procedure can be utilized to convert the trans­
actions' matrix into an energy transactions' matrix.
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C.4 CRITERIA APPLIED TO A HELIOSTAT SOLAR PLANT
 
The Solar steam generation is-compared with nuclear, coal, and oil.
 
A typical 100 Mwe solar plant has the following dollar (1973) and material
 
requirements [PI-75-10]. It i's considered for the southwestern U. S.
 
Land (600 Acres at $1000/Acre) $ 600 (Thou.) 
Structures & Facilities 3,800 
Heliostats (1Km2 Coil. Area at $30/m 2) 30,000 
Central Receiver/Towers (2x260 mTWR at $2M/TWR) 4,000 
Thermal Storage Materials 8 Tanks 
(6Hrs at $15/KW Hr.) 9,000 
Heat Exchanger 1,000 
Turbine Plant Equipment 6,000 
Electric Plant Equipment 1,500 
Misc. Plant Equipment 400 
Cooling Towers 1,200 
Total 57,500 
Contingency 3,000 
Spare Parts 700 
Indirect Cost 4,000 
Total 65,000 
Interest (8%) During Construction 8,300 
Total 73,500 
Recall it is desired to compare the solar method of steam generation 
for a 100 Mwe with nuclear (LWR), coal and oil. Considering it would take 
approximately six years or until 1981 for their construction, all data 
will be considered in 1981 dollars. The first cost of the solar is 
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converted from 1973 to 1981 by compounding at 5.5% for eight years. The
 
operating and management (O&M) costs of three mills per kilowatt-hour
 
[PI-75-10] is also converted to 1981; a load factor of 0.65 was used. These
 
values with those for nuclear (LWR) et al. are presented in Table C.4-1.
 
On a first cost basis, theoil plant is best by a considerable margin.
 
For evaluation of the 20 years life cycle cost (LCC), an inflation rate
 
of 5.5% was used to get escalated values for the Cn values in Equation
 
C.l.2-1; the discount rate was r=O%. On the LCC basis the nuclear plant
 
is seen to be best.
 
C.4.1 NET ENERGETICS
 
In the above analysis, for solar systems, the economy improvement from
 
mass production was not considered. By these improvements, theit LCC is
 
expected to be competitive with the others. In anticipation of that
 
improvement, a net energetics analysis ispresented in this section. Its
 
major material requirements are given inTable C.4.1-1.
 
The energy delivered by the 100 Mwe solar plant was obtained using a
 
load factor of .56 (5week/year for maintenance) [Spencer-75]; per year it
 
is1.67 x 1012 BTU. By using a rate of return over the 20 years and
 
equating itto the total energy input (from Table C.4.1-1), the energy rate
 
of return 'rforthis solar system can be determined. By Equation C.4.1-1,
 
this r was determined to be 28 percent. The last term considers the energy
 
salvage value of the scrap; the scrap aluminum is considered to have a 90%
 
energy saving of the primary, the steel 33% of the primary. [PFE-74]
 
20i02ll
 
1.67 x 1012 1.77 x 1012
2 =BTU
5.86 x k=l(l+r)K + (l+r)- BTU's (C.4.1-1) 
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TABLE C.4-I. ESTIMATED 1981 GENERATING COST FOR 100 MWE STEAM
 
ELECTRIC POWER PLANTS
 
1981 Cost 
($Millions) Solar LWRa Coala Oil (lows)a 
First cost $173 54.4 50.8 37.4 
Fuel* 0 1.4 3.1 14.0 
O&M 4 .4 .63 .3 
LCC (20 yrs) 223.3 77.3 98.1 217.1 
a[AEC-73]: these values are deemed to be obsolete (pre-embargo)
 
*Calculated from referenced data using an annual inflation factor of 0.05
 
TABLE C.4.1-1. MATERIAL REQUIREMENTS FOR A 100 MWE SOLAR PLANT
 
ENERGYb 
TONSa (BTU x 1010) 
Steel 25,800 516.0 
Concrete 17.7 .004 
Aluminum 961 7.5 
Glass 63 62.5 
Total 586.0 
a[p1-74-10]
 
b[TRW-74)
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APPENDIX D. REPORT OF THE ENERGY INDUSTRY TASK GROUP 
D.1 INTRODUCTION
 
Specific sectors included within the energy industry are electrical
 
power production and transmission, oil production and processing, natural
 
gas production, uranium mining and production and coal mining. Also
 
included are a number of developing technologies such as natural gas
 
liquefaction, coal gasification, coal liquefaction, shale oil development
 
and solid waste gasification. Basically each of the energy industries
 
are to some degree in direct competition in supplying energy to industrial,
 
residential and commercial consumers, although features of individual
 
sources may preclude particular fuels in specific applications.
 
As these industries are in fact process or extraction industries
 
rather than final consumers, conservation actions aimed at reduced
 
demand will not generally apply. Primary emphasis will be placed on
 
alternate actions which provide substitutes for scarce fuels or increase
 
process efficiency.
 
Preceeding the discussion of conservation actions, potentials and
 
impacts is the description of the energy industry in historical per­
spective. It is felt that the past and present have significant influence
 
on what future actions can or will be, especially in the near term (1985).
 
Section D.2 of the report begins with a description of the overall energy
 
industry from 1950. It continues to examine the detailed operations
 
of all the fossil fuel industries and the electricity industry. Finally,
 
a study of developing technologies in many of these industries describes
 
their present status and indicates their future potentials.
 
Although the basic partition of Section D.2 is according to industries,
 
the reader will note that it covers the directed resource'flow in Figure
 
.D.1-1 up to Transmission, Distribution and Storage. (Industry, Transportation
 
and Residential/Commercial will carry the flow to its end.) Figures D.1-1
 
and D.1-2 are thought to be a good characterization of the energy system.
 
From themcan be depicted areas for possible conservation. Section D.3 deals
 
with conservation actions. The actions are enumerated and their impacts
 
assessed in Section D.4.
 
D.2 PRESENT ENERGY SYSTEMS
 
The impetus of this section stems from the need to characterize the
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whole energy situation inthe United States. Table D.2-1 gives the total
 
The positive
energy consumption along with population and GNP from 1947-73. 

correlations among these variables are evident. The distribution of con­
sumption by sector is given inTable D.2-2. It depicts a fairly even
 
The decline in the percent of energy used in the Household/
distribution. 

Commercial sector is somewhat misleading in that the transition to elec­
tricity lowers direct usage in this sector and is charged to electric
 
generation. Table D.2-3 gives production for the years 1947-71 by major
 
sources. The difference between consumption and production ismade up
 
InTable D.2-4, we see that oil and gas imports as a pro­by imports. 

portion of U. S. consumption are on the rise. Coal is a negative import
 
(export). Imports grow because the gap between domestic consumption
 
and production grows. Since demand exceeds supply there isan upward
 
pressure on prices. This is shown ina partial way by oil and coal prices
 
in Table D.2-5 for selected years. Since fossil fuels dominate the energy
 
situation, we proceed with them directly.
 
D.2.1 FOSSIL FUEL INDUSTRIES
 
Production rates are shown inTable D.2.1-1 for coal, oil and natural
 
gas. New reserves are also listed for both oil-and gas. The rate at which
 
new reserves are added for both fuels can be seen to have dropped signifi­
cantly below production rates over the past several years. Such a trend
 
over an extended period of time could only have led to the current problems
 
inenergy shortfall. The present situation for each of the major fossil
 
fuels is presented below:
 
Petroleum
 
The development of the present situation in crude oil production
 
ispresented in Table-D.2.1-2. Note that production capacity peaked in
 
1968 while production did so in 1970. Thus, while petroleum requirements
 
have grown continuously up to the oil crisis, both production capacity and
 
production have failed to keep pace. Refining plants and capacity are
 
given in selected years for majors and independents in Table D.2.1-3. It
 
is important to note the relative rate of growth between the two groups.
 
The independents share of the production capacity has shrunk from 28% to
 
16% over the past 40 years. This tends to give credence to the claim of
 
the growth of an oil oligarchy.
 
One of the major reasons for the qrowth experienced in oil usage is
 
its ease of transport. It has been shown that there is no cheaper way,
 
nuclear fuel excepted, to move energy over long distances than oil tankers.
 
Tankers are owned by a variety of oil and nonoil interests; tanker rates
 
vary over time in response to world supply and demand. Labor accounts
 
for about 30% of the total cost and because-of U. S. labor and government­
policies, increasing numbers of U. S. controlled tankers are registered
 
in countries such as Panama, Liberia and Honduras. Itshould be noted
 
that time spent in port isan important part of total transportation cost
 
and should be held to a minimum. Projection of the Cost of lona distance
 
FIGURE D.1-1 REFERENCE ENERGY SYSTEM, YEAR 1969 [AU-75J
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TABLE D.2-1. ENERGY CONSUMPTION, POPULATION, AND GNP, 1947-73
 
[AHC-75]
 
Crossenergy
censmpton Annual Energy/t95 
(quadrillion growth rate GNP(billons EneiyloapitaPopulaton WPdollar
Year Bitnt) P (mlIhona 1u)ar) (t ousa d Riu) 
1947......------------ 33.0 ............. 144.3 303.9 106 4 229 0 
1948--- --------------- 33.9 2.7 14I 6 323 7 104 7 731 1 
1949 ------------------ 31.5 -7.1 149 2 324 1 97.2 211 0 
1950 ----------------- 34 0 1.1 152 3 355 3 95 7 223.0 
1951..........------ 368 3.2 154 9 393 4 96 0 237.6 
1952 ......----------- 36.5 -. 8 157.6 395.1 92.4 231.71953................... 37 6 3 0 160.2 412.8 91.1 234.7 
1954------...... -36.3 163.0 89.2 7.. -3 5 407.0 222 
1955 ------------------ 339.7 9 4 165.9 438.0 90.6 239 3 
1956................... 41 ] 5.0 1699 446 1 935 24691957 ------------------ 41 7 a 172 0 452 5 92 2 24Z.4 
1958- -- 41.7 0 174 9 447.3 93.2 238 4 
1959 ................... 43.1 3.4 177.8 475.9 90.6 242.4 
1960------------------ 44.6 3 5 I80.7 487.7 91.4 246.Z 
1961------------------- 45.3 1.6 183.8 497.2 93.1 246.5 
1962................... 47.4 4.4 1856.5 529.8 89.5 254.1 
1963- ----------------- - 49.3 4.0 189.2 551.0 89 5 260.53564----------------- - 51.2 3 8 191.8 581.3 fig. 266. 9 
196 -------------------- 53.3 41 194.2 617 8 86.3 274.4 
1966--------------- . 56 4 5 8 196.5 653.1 85.7 287.0 
1967------------------ 58 3 3.4 19.55 675.2 86.3 293.51968-------- .... 61.7 5.8 200 6 706.6 87.3 307.5...... 

1969------.------------ 60 5.4 202.6 7247 89 7 320 8 
1970................... 67.4 3.7 204.8 722.5 93 3 329 1 
1971 ................... 69.0 2.4 207.0 745.4 92.6 339.3 
1972------------------ 72.3 4 a 209,6 790.7 9L4 34e 9 
1973.................. .... 75.6 4.6 211.1 837.3 90.2 358.1 
Source: Dupiee andWest, "United States Energy through the Year 2000." P.13,and "Oil and GasJournal." Mal- 25. 1974 
p.44. 
TABLE D.2-2. TOTAL ENERGY CONSUMPTION BY MAJOR USER CLASS
 
BY PERCENT, 1950-73 EAHC-751
 
Total Electric Household and 
consumption Industrial generation Transptatbon commercial 
Year (t4llio1 Btu's) (percent) (percent) (percent) (percent) 
1950....................... 
195 ....................... 
1952 ....................... 
1953 -----------------------
1954 --------------------------
1955 ....................... 
96......................... 

3957....................... 

1958....................... 

1959....................... 

960........................ 
1961-----------------------
1962........................ 
969....................... 
1964........................ 

1965...................... 

1966 ....................... 

1967...................... 

1968....................... 

1969...................... 

1970....................... 

1971 ------------------------­
1972....................... 

1973...................... 

33,9S7 
.36,775 
36,458 
37,586
263 
3%703 
41,71) 
41,70G 
41,696 
43,140 
44,569 
45,319 
47,422 
49,308 
61240 
53,343 
5412 
58,265 
6173 
64,979 
67,444 
63,698 
71,945 
74,74 
37.66 
39.24 
37.83 
39.20 
36.52 
36.99 
37.23 
37.07 
35.10 
35.16 
34.36 
4.03 
3167 
33.76 
34.08 
33.23 
33.02 
31.77 
31.74 
31.30 
30.61 
29.41 
28.86 
28.96 
14.65 
I4-3 

15.14 
15.67 
16.38 
16.61 
16.98 
17.58 
17.55 

18.25 
18.54 
13.84 
19.18 
19.64 
20.25 
20.76 
21.37 
21.85 
22.49 
23.48 
Z4.41 
25.07 
25.77 
26.28 
25.35 22.34 
25.C3 21.37 
25.15 21.89 
24.49 20. 64 
25.13 21.97 
24.75 21.65 
24.30 21.49 
24.53 20.23 
24.64 22_71 
24.68 2.51 
24.27 22.83 
24.24 22.89 
24.67 23.09 
24.26 2Z.34 
23.93 21.75 
23.83 2218 
23.6 21.96 
24.05 22.34 
24.54 21.23 
24.29 20.94 
24.24 20.74 
24.33 2a.69 
25.19 20.28 
25.07 19.69 
Source: 1950-70 data from U S Department of Interlor, "U.S Energy Through the Year 2000," app.B, tables 1, 7 9.11, 12. 17; 1971 data from U.3 Department of Interior. Minerals Yearbook 1912, "Review of the mneralsIndusty," 
table 8; 1972-73 data from U.S. Epartment of Interinr, "News Realase, March 13, 1974. 
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TABLE D.2-3. U. S. 	TOTAL PRODUCTION OF ENERGY RESOURCES BY MAJOR SOURCES,
 
AND 1971 PRELIMINARY [SESA-73]
 
fIn trillions of Btu]
 
Bi- TotalPercentage 
tumious, Total gross change
coal and Natural fossil 	 Hydro. Nuclear energy from priorYear Anthracite ignite gas,dry Petroleum fuels power power inputs year 
1947------------ 1,453 16,522 	 5.012 10,771 33,758 1296 ---------- 35.054 .-------. 
1948 -- .-------- 15707 	 5,615 11,717 34,490 1369 ---------- 35,859 +21451 	 3 
1949 ----------- , 035 11,472 5,911 10,683 29,151 .425 ---------- 0, 576 -14.7 
1050 ------------ 1,120 13,527 6,841 1,449 32,937 1415 --------- 34.352 +12.3 
1951 --------- 1 094 13182 2.106 13, 037 36,209 1,424 ---------- 37.633 +9.6 
1952-- .-------- 12,231 8,705 13, 282 35,249 1,466 .......... 36,715 -- 2.4
1,031 
1953------------ 76 11,981 	 9,116 13.671 35,554 1,413 --------- 36,957 +.7 
1954............. 9 10,262 9,488 13,427 33,916 1,360 .......... 35,276 -4.6 
1955 ----------- 695 12,080 10.532 14.445 37,722 1.360----------38,082 +10.8 
1956------------ 734 13,013 11,252 15,344 40,343 1,435 --------- 41,778 +6.9 
1957- . . 644 12, 890 11,885 15,345 40,675 1,422 1 42,08 +.a 
1958-----...... 538 10,663 12,244 14,154 37,599 - 1,592 2 39,193 -6.9 
1959- --------- 524 10,581 813,361 114,662 ' 35128 1. 551 2 40,6-1 +3.8 
1960 ...------------ 478 10,662 214.135 214,664 39,939 '1,608 6 41,553 +2.1 
19612.............2-------- -443 14,691 85 4 1,656 18 42,301 +1 042 10,78 15.365 .495 4 7 1,816 24 43,911 +38. 
1963 ------------ 464 11.712 16.271 15.74 44 - 1.768 34 +4.7 
1964------------- 436 12,418 17,138 15.691 45. 683 1,886 35 47,-4 +3.5 
1965------------ 378 83,017 17,652 15.S30 6.97 2.059 38 49,074 +3.11966------------ 329 13,507 984 16,25 4 2,062 57 51,64 57 
197----------- -311 13 904 087 1.100 2.347 0 29 +5.7 
1968 ------------ 291 13,664 21,548 18,593 54,096 2,349 130 51.575 +3 2 
1969............. 266 13,957 22,839 18,886 95.947 2,649 146 5,741 +3 8 
1970.--- ......... 247 15,001 24 154 19,772 9 174 2,630 229 62,033 +5.6 1971J----------- 221 13,933 24, 871 19,559 52,534 2.833 391 61,208 +.4 
'Includes Alaska. 
2Denotes 1styear for which Figuresinclude Alaska and Hawaii 3Preliminary. 
TABLE D.-2-4. NET IMPORTS OF ENERGY AS PERDENT OF U. S. CONSUMPTION 
OF EACH FUEL, 1950-73 [AHC-75]
 
fNet exports shown as negatives] 
Natural Petroleum and Year 	 gas products Coal Total 
1950 ---------------------------------- ---. 42 9.06 -. 85 1.29 
1951------------------------------------.34 - 12.31 1.85	 6.52 
1952------------------------------------ -.25 7.73 -11.43 .321953 ---------------------------------- ----. 35 3 89 -7.96 1.21 
1954 ..................................... -. 26 9.62 -E.63 1.79 
1955..................................... 	 -. 22 1.16 -12.85 L 13
 
1955 ..................................... -. 26 12.07 -17.14 .50
1957 ---------------------------------- ---. (3 12.13 -19.74 .10 
1958...........---- ------------------- .91 16.40 -14 97 4.36 
1959..................................... 1.00 17.40 -10 1 5.78 
1930------------------------------------- 1.17 17.46 -10.2z 5 87 
1961 ------------------------------------ 1.3 I 77 -*lO 0 6 76 1962 ..................................... 2 83 19. 85 -10.76 7.43
 
1953 ..................................... 2.70 19.25 -12. 79 6.61
 
194 .................................... 	 2.81 2.08 -11 92 7.01
 
195_I----------------------------------- 2.75 21.38 -11.86 7.50 
1956 ..................................... 	 2.70 2L 28 -11.01 7.60
 
1957 ..................................... 	 2 2 19.10 -11. 2Z 6.1
 
1960 ..................................... 2 4 20.78 -11.05 7.78 
s~4 1969------------------- ------------------ 331 22. 24 -12.25 8.421971970:................................... 3.51 23 10 -15.41 8 36
 1971..................................... 
 3.87 24.63 -11.39 9.59 
T 19712..................................... 4 20 28. 22 -10 97 11.726~973................... 	 34.91 
-15
41 941.83 
V6. 
- 1973----------------- ---------------- 5 .1 	 48 
I Fletrciety imports are enerally positve but theanosts are small, thoah not egigible, The netbalance Inelectric 
energy trade usually falls below I percent of U.S.consumption 
Source: All imports for 1950-70 calculated from: U.S.DearItment of Interior. "lited Stes Energy Thraugh the Year 
2030,' app. 8. table, 20. 21. 27. Petroleum data: for 1971-72 calculated from American Petroleum Institute. "Annual 
Petroleum Statistics." 1956-72; for 1973,calculated from "Survey of Current Business." April 1974, pp.S-35. Natural 
gasdata: for 1971calculated from Departimeot of Iteror. "Minerals Yearbook. 1971," p. 765. Coaldata: for 1971cal­
culated from KtSDepartment of Interior, "MInerals Yearbook-1971." D. 374. 493: for1972, coacled from U.S. De­
partment of Commerce, "Survey of Current Business, September 19?3. pp. S-35, forD973calculated from "Survey Of 
Current Business." April 1974, pp. 3-34; 1972-73 natural gas and total frorrnli.& DepatieLtof lteoror. "News Release." 
March 13, 1974. 
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TABLE D.2-5. PRICES OF COAL AND CRUDE OIL 1955-72 [AHC-75J
 
FCurrent dollars]
 
Coalprice Oil price Relative 
Per British Per British price of coal 
thermal thermal c1 (2)1 
Year 	 Per ton i unit Per barrel unit cot. (4) 
(1) (2) (3) (4) (5) (6) 
1955 -------------------------------- $4 51 V 18 $2.77 $o0 $1.63 
1960------------------------------- 4.72 .19 2.88 .52 1 64 
1965 .---------------------------- 4. 49 .18 2.46 .52 1.57 
195 --- -------------------------- 4.58 .19 2.88 .52 1.57 
197---------------------------------- 4 62 .18 2.92 .53 1.58 
1968............................ . 4.72 .19 2.94 .53 1.61 
19 ------------------------------- 5.04 .20 3.09 -5G L.
G3 
1970---------------- ---- 6 30 .25 3 18 .58 I 98 
1971-------------------------------- 7.07 .28 3.56 .61 2.0 
1972------ -----.------------------- 7.66 .30 3.39 .61 2.26 
1Prices ore overagevalues of bituminous coal for underground ndsurface mines at the source. 
Source National Petrolceoncouncl. US. Energy Outlook: Coal Availabildy. p.139 and Bureau ormf es. 
TABLE D.2.1-1. FOSSIL FUEL PRODUCTION AND PROVED RESERVES, 1950-73,
 
IN ORIGINAL UNITS [AHC-75]
 
Petroleum I (10jbbls) Natural gas(100 cubic feet) Coal a (I0- short 
Reserves/ 	 Reserveof tons) 
Produc- Rererves Total produc-Produc. Reserves Total prodoc- praduc-
Year toso added reserves bon tion added reserves tion ton 
1950......... 2 .t7.2 3,328.7 29.536 1 13.60 5.06 11.98 184 58 26 93 560 39 
1951 2,481.4 5,137.9 32.192.6 12.97 7.j2 15.97 192 76 24.33 576.34......... 

1952......... 2,541 6 3,306 1 32,957.2 12.97 8.60 14.27 1N 63 23 12 507.42 
1953 2,614 4.040 1 34,328 6 13 1 9.19 20.34 210.30 22.39 488 24.......... b 

1954......... 2.557.9 2,980 4 34.005.2 13 61 9 30 9.56 210.56 22.46 420.81
 
1955 ......... 2.739.7 3.385 2 35,450 7 1294 S006 21.90 222 48 22.11 490.83
 
.956 ......... 2,897.9 3,784 1 36,337 0 1254 10 05 24.72 236.48 21.00 579 77
 
1957......... 2.91.4 2,567.2 35,987.8 12 36 11.44 20 00 245.23 21 44 518 04
 
2,704.3 36.739 1354 18.90 22.13 
1959......... 2,868 5 4.370.2 38,241.7 1333 12.37 20.60 261.17 21.11 432.63 
1958........... 3,465 4 1142 252 76 43162
 
1960......... 2,902 8 3. 072 5 38,429 3 13.24 13.02 13.90 262.33 20 15 434.33
 
1961.........2,9739 3.352.338,807.6 43.05 13.38 17.17 266 27 19.93 420.42
 
1962--------- 3,020.3 2,913.4 3,700.7 1281 13 64 19.48 272.28 19 96 439.04 
1953 ......... 3,109.0 3,052,2 38,644 D 12.43 14.55 18 16 27615 18 98 477.20 
1964 ......... 3. 00 3 3,273 5 38,737.1 12.18 15.35 20 25 281.25 18.32 5041 
1965......... 3,241.6 3,880 4 39.375.9 12.15 1625 21.32 28647 17.63 52695 1966--------- 3,452.9 3,858.1 39,781.1 1I52 17.49 20.22 289 33 16.54 54682 
1967 .......... 3,682 1 3.891.9 39,990.9 10.06 18.38 21.80 292 91 15.94 554.83 
1968........ 3.8260 3.140 3 39.305 2 10.27 19.37 13.70 287.35 14.83 556 71 
1969.----- 3.931.3 2,401.1 37.7750 9.61 20.72 8.36 275 11 13.28 570 93 
1970 --------- 4,123 4 311.996 5 46,704.3 11.08 21.96 337.20 250.75 13.24 612.61 
1971......... 4,071.7 2,685 4 45.366 3 11.12 22.08 9.83 27881 12'63 560.92 
1972--------- 4,037.4 1.516.1 43 126 0 10.63 22.51 9.63 26600 11.82 597.24 
1973......... 3,926. 2 2,554.7 41,754 5 10.63 22. 61 6 80 249.95 11.05 597.73 
0 Includes crude oil. natural gasfic unds, and lease condensates 
I Coalproduction figures include bituminous, anthracite and lignite Coalreserves are so large asto create no con. 
straint or production.
3 Includes 10,000,000,000 barrels of oil and 26 trillion cubic feet of gasaddedfrom North Slope Alaska 
Source: Petroleu data- for 1950-59, American 'Petroleum Facts andFrguore,-1971,"Petroleum institute, p.111; for 
1970, "Oiand Gas Journal," Apr. 5. 9 30; for 1971."Od and GasJournal," Apr 3. 1972. p. 18. for 1972,"Oil and Gas Journal," Mar 26. 1973. p.52; for 1973, "Odand G;s Journal," Apr 1, ]974, pp 42-44. Natural Gasdato; for 1950-72. 
from "Arserican GasAssociation Monthly, May 1973.p 12- for 1903."0il and GasJournal." Apr. 1, 1974. pp42-44 
Coal data: for 1950-72. U.S.Department of Interior "US Energy Through the Year 2000." app B,table 4: for 1971, 
"Survey of Current Business," February 1974, p 5-34; for 1972-73, "Survey of Current Business," April 1974 p 5-34. 
REFINERY PLANTS AND CAPACITY, BY MAJORS AND INDEPENDENTS,
TABLE D.2.1-2. 

1930, 1940, 1957, and 1972 [AHC-751
 
1930 1940 19f0 1957 
lop 	20 maJors. 
Tuoo er of plants1........................ 134 135 131 123 117 Crude capacity (thousand barrels per dy). 2.711 3,365 5,262 7.207 11.273
 
Averagecapacity (thousand barrelsper day) - 2051 24. 3 40 58 6 964
 
Peoceint of industrcapacity.................. 72 72 7 78 6 79 i4
 in do iie dealls
 
'Jitiiherofcompanies
....................... 30 363 203 16 121
 
loeuset plant -........................ . 278 409 235 196 129 
LCudoLapacii (housaind barrels per da) ---- 1, 05 1,36 , 434 1,917 2,0InO 
Acetae caiacity (:noasand barrels per ay) 3...6 3 3 641 9. 8 1 4 
Peruent of industrycapacilty.................. 28 28 21. 21 16
 
Sourco Figuew foe1930-57 frn, DoeChneu and Kan, p.486 Date for 1912 from "Odand Ga Journal." Apr. 2, 1973, 
pp 99'127. 
1972 
------------------ 
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TABLE D.2.1-3. U. S. CRUDE OIL PRODUCTION,
 
CAPACITY, AND EXCESS CAPACITY, 1954-73 [AHC-75J
 
Crude oi Produclion Excass capacity Exses capacity 
Year producton apacity (10*bl) plmieJit) 
........- 2.315 

b ....-------------- -......... 2.484 597 19 38
 
1954--------- --------------- 2 893 0 578 1908 
------------ 3.031 
...-....... -......................... ',1
19 -  - 7 3 .64v . /a
957 ...............-......-.......... 2 Gil 3.311 . R; V_ All 
"9589_---------------------__----------------2449 1.40 019 29 32 
95_.........................I- ........ 2.75 3 524 .949 2G9 
16u- -------------------------....... 2.575 3.543 .569 2732 
1961-----------_---------------------------- 2.622 3.611 g 27 39 
192 . . . ..--------------------------------- 2 676 3 60 1.004 27 28 
193 ---------------------------------- - 2 753 3 712 .959 25 84 
194 .....-----------------... ............. 2.787 3 754 .96 25 76 
19G ------------------- --------- -2849 3.845 .99; 25 9 
1906.....---------- ----------- 3.921 .893 22.77-........ 3 028 
1967........ ...... 3 216 4.033 .817 20.25 
1968--------- -------------------------- 3 329 4.095 .766 1871 
1969-------------- ------------------- 3.372 4 020 .A48 1635 
1970................................... 3 517 3 940 .4Z3 1074 
19 ..... 3 453 .281 7.68
_..-.---.--.--------------......- 3,740 
72 .......... . ........................ 3 4G8 3.7b0 .292 7.76 
1973--------------- -........----------- 3.367 3.550 .183 5.1G 
Source- 1954.68 production and capacity from American Feiroleum Insitul.. "'Petroleum Figures, 1971."Faca,and 
pp 101and LI0 1969-71 production torn American Petroleum lnstlue. "Annual Staltcl feview "81972.p 5 1959-71 
c.pa'.ty lol "Oiland GasJournal." May 15, 1972, p 52 1972 piuduclioi foil' "Oil aid GasJoufnal,- Ve 25,19YZ 
up 81 85 "ournal. 973 p"oduction Cor 'Oil arid GasJouradl.',1972capacily from"Oil and Cax J ne 2% 1973 

Dei 38,1973,p 87; 1973 capacity Ioy ' Ol and GasJournal" July 8, 197A.p 86
 
TABLE D.2.1-4. TRANSOCEANIC OIL TRANSPORTATION-COSTS PER BARREL
 
Trip Present Cost 1980 Estimates
 
Persion Gulf - N.Y. $ 0.104 0.064 
(11,800 miles) 
Venezuela - N.Y. 0.212 0.148
 
(1.,800 miles)
 
Gulf Coast - N.Y. 0.300 0.180
 
(2,500 miles)
 
TABLE D.2.1-5. EFFECT OF SHIP SIZE ON
 
TRANSOCEANIC OIL TRANSPORTATION COSTS
 
Size of ship (1000 tons) 35 100 207 250 315 372
 
Cost per ton (constant $) 135 91 78 65 67 66
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oil transportation by supertankers in 1980 (middle - to long-term charter
 
rates) is listed inTable D.2.1-4 with the present cost in (cents/1O 6 BTU)/
 
(10 Omiles). [Hottel-71,601
 
Larger tankers, however, have brought with them a series of problems:
 
They cannot use many harbors because of their tremendous draft.
 
They must bypass the Suez and Panama Canals, at least for several
 
years to come.
 
The loading and unloading problem has forced the development of
 
offshore loading facilities, designed to minimize time cost in
 
port.
 
The large new ships have been automated to the greatest extent
 
possible in order to cut the rather substantial cost of crew.
 
The data presented inTable D.2.1-5 suggests that tanker size
 
may settle down for a while in the 250,000 ton size.
 
The increased size and number of oil tankers playing the world's
 
waterways poses new pollution problems of unprecendented nature if a
 
300,000 dwt tanker were to sink. The possibilities of such a disaster
 
are increased by the fact that the tankers are underpowered and much less
 
maneuverable than smaller ships.
 
Ithas been estimated that two million tons of crude oil are lost on
 
the high seas during routine bilge cleaning operations by the 3748 tankers
 
operating inthe worldwide trade and all other commercial and naval vessels.
 
This loss is roughly 0.2% of the BTU content of the crude oil and refined
 
petroleum products used by the U. S. per year.
 
Internally, pipelines in the U. S.,.a network of 145,000 miles of
 
crude oil lines and 64,500 miles of products lines carry more than 45% of
 
all petroleum products transported within the U. S.,.totalling 680 million
 
tons annually. The remainder is transported by railroad tank cars (6-12000
 
gallons each), thousands of barges (each of an average carrying capacity of
 
26000 barrels of oil) and by truck. In 1970 crude and products transported
 
domestically amounted to 1.6 billion tons of petroleum. 47% was trans­
ported by pipeline, 24% by water, 28% by motor vehicles and 1.6% by rail.
 
According to the Federal Power Commission the average cost for moving
 
oil through pipelines is around 1.0 cent/10 6 BTU/I00 miles. In a given
 
situation this may be as high as 1.6 or as low as 0.4 cents. Two factors
 
which play an important role in pipeline economics are economies of scale
 
and load factor. Reduction in costs through the use of larger diameter
 
from 10 to. 24 inches can reduce unit cost of transportation by.60%.
 
Some areas of greater challenge in which there is potential for
 
technical progress include detection of interfaces between product batches
 
in pipelines to permit full automation of the line, development of success­
ful insulation techniques to permit pipelining of heated heavy fuel oil and
 
the development of automatic welding techniques to reduce this important
 
component of construction costs.
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Hydrocarbon losses associated with fuel handling (truck loading,
 
underground storage, auto tank refueling) are as follows:
 
Percent
 
Truck loading 0.067 
From Underground tank 0.200 
Auto tank refuelin 0.200 
It is estimated that 1910 tons of hydrocarbons are lost each day at
 
service station refueling pumps. This represenz8 potentially serious air
 
and water pollution as well as loss of 7.7 x 10U BTU/year.
 
Market Concentration
 
The number and size of the sellers in a market have significant effects
 
on the price consumers pay. As the market proceeds from one with a homogeneous
 
product and a large number of small sellers (pure competition) to the limit
 
of one seller (monopoly), the consumers generally bear higher prices. Tables
 
D.2.1-6, D.2.1-7 and D.2.1-8 indicate that the petroleum industry isdominated
 
by a few sellers (oligopoly).
 
Vertical Integration by a company is the control of a product flow from
 
the resource stage to the retail stage. Tables D.2.1-6, D.2.1-7 and D.2.1-9
 
show the dominance of the big 7 and 20 firms in the industry. As will be
 
seen below, the majors have dominated the international oil scene.
 
Horizontal Integration is a movement at a certain production stage
 
to expand opportunities in that stage. Although not showing actual mag­
nitudes, Table D.2.1-10 shows which alternative energy sources the majors
 
were "buying into" in 1970. Some are closely related to petroleum itself,
 
e.g., gas, shale and tar sands. Coal and uranium are basically substitutes.
 
They present competition to oil as a source of energy with promise for long­
term future use in the U. S. When the big oil companies diversify into
 
these areas, they further limit the competitiveness of the overall energy
 
industry.
 
Traditional conservation inpetroleum consisted of controlling the rate
 
of production from known reservoirs. Owners of land above these oil pools
 
would lease their land to several producers. The "rule of capture" was to
 
produce as fast as possible to get more crude than the others. There is,
 
however, a "maximum efficiency rate" of production that provides the largest
 
ultimate primary recovery. This makes the most use of the natural drives.
 
Prorationing slowed the rate of production by restricting it to meet the
 
existing demand. Some fraction of this demand -was assigned to each producer.

Host of the oil-producing states adopted measures that restricted production.
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TABLE D.2,1-6. REFINERY PLANTS AND CAPACITY,
 
BY MAJOR AND INDEPENDENTS, 1930, 1940, 1950, 1957, and 1972
 
[AHC-75]
 
1930 1940 1950 1957 1972 
Top 2Dmajors:
NIumberof plants---- ------------------ 134 138 131 123 117 
Crud copacilty(Ihand arei perday) ----- 2,711 3,365 5,262 7,207 11.273 
Average capacity (thousand barrels per day)_ __- 20.1 24.3 40.1 5a.6 95 4 
Percent of industry capacity...---------------- 72 72.7 78 6 39 84lbdevendents.
 
I ern 230 363 203 165 121tf comptanies ----------------------
Number of plants 278 235 196 129-------------------------- 409 
Crude capacity (Ihousand barrels er day) ----- 1,055 1,364 1,434 1,917 2.[00
Average capacity (:housand barreper ay).... 3 6 3.3 6.1 9 8 16 4 Percent ofindustry ipacly ------------------ 28 28 21.4 21 16 
Source: Figures for 1930-57 from Di Chazeau from "Oiland Gas Apr. 2, 1973,and Kahn, p.486 Data for 1972 Journal," 
pp99-127.
 
TABLE D.2.1-7. PERCENTAGES OF CRUDE nIL PRODUCTION, REFINING AND GASOLINE
 
MARKETING BY THE TOP 7 AND TOP 20 COMPANIES, 1955 AND 1972 [AHC-75]
 
1955 1972
 
7companies 20companies 7companles 20 companies 
Net crudeproducts --------------------------------- 29 1 47.5 49.0 75.2 
U.Srefining throughput-------------------- --- -53.7 86.4 53.7 83 5Sales of gaslme --------------------------------- 49.6 80.4 4.9 74.6 
Source Data for1955from MLG De Ciaeauiand Alfred E.Kahn, "IntegrationandCompetitin te Peroeum n­
dustey." (New Haven: Yale University Press,1959), p 18 Data for 1972from National Petroleum News, FactsMid-may 
Book,1973"and "Oiland GasJournal," Mar. 17,1973,p. 111. 
Statement of the American Petroleum Instiute presented by Frank N. Tkad, before 
the Subcommittee on Special Small Businaes Problems of the Select Committee on Small 
Business, U.S. House of Representatives, July 14, 1971. 
TABLE D.2.1-8. TOP 20 CRUDE OIL PRODUCING FIRMS AND THEIR RANKINGS INREFININ"
 
AND GASflLINE SALES, 1972 [AHC-75]
 
Percent 
ofUS. Percent of Percent of 
creioi domestic Refning U.S.alo- GasolinePURIGIN production runs sales rankFirm refinery line sales 
ow pOOR a Exxon ----------------------------- 10 6 8.8 1 6.8 
17.1x d------ -- -- ---- ---- -- 10.1 8 .6 2 al I 
Sll-............................... 7.0 8.4 3 7.1Gulf -- -- --- - -- - -- - -- - -- - 6.2 6.6 7 6.55 
Standard, indiana ..................... 5,3 8.2 4 6.9 3 
Standard, Caliiornia.................... 51 7.0 6 4.7 a 
Altantc-Richield ---------------------- 4.8 6.1 8 4.9 7 
eobil -------------------------- - 4.3 7.3 5 6.4 6 
Gotty.............................. 3.5 1.0 19 .7 23 
Phitlips .............................. 2.9 3.3 13 4.1 9 
Union Oil, California ------------------- 2.9 3.5 11 3 0 11 
S -------------------------- 2 6 3.8 3.9 11Continenta .......................... 2.4 2.9 14 2.3 12 
Citres Service 2.4 16 1.9 13------------------------- 2. 3 
Marathon............................ 2.0 2.0 17 1.7 14 
Amerada Hess ........................ 1.0 3.7 10 .7 20 
Skelly------------------------- - -. 4 .9 23 .6 24 
Union Pacific......................... . 5 1.1 18Kerr-MGee .......................... . 4 .3 ) 1.7
Standard, Ohio ........................ . 3 3.4 12 1.2 16
 
IToo small to rank.
 
Source: National Petroleum News, "Mid-May Facthook,
1973." 
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TABLE D.2.1-9. U. S. CRUDE OIL PRODUCTION, CAPACITY, AND EXCESS CAPACITY,
 
1954-73 [AHC-75]
 
Year 
Crudea.l 
production -
Production 
capacity 
Excess capacity(10 bbs) Ezcoss capacity(percent) 
1954......--------------------------------- 2.315 2.893 0 578 19.98 
1955 ----------------------------------- 2.44 3 81 .597 19.38 
1956---- -------------------------------- 2617 3 259 .642 19 70 
18957....----------------------------------- 2.617 3.376 .759 22 48 
95- .-------------------------------------- 2.449 3 465 1.016 29 32 
195-.-2.575 3.524 .949 26 93 
1960--------------------------------------- 2.575 3.543 968 27.32 
196 -------------------------------------- 2.622 3.C11 .989 27.39 
1962----.-------------------------------- 2.676 3.680 1.004 27.28 
1963..................---------------- 2.753 
1964.......................................2.797 
3.)12 
3.754 
959 
.967 
2584 
25 76 
1965-------------------------------------- 2 849 3 845 .996 25.90 
1965--------------------------------------- 308 3.5Z1 .893 2Z.77 
1967--------------------------------------- 3 216 4.033 817 20.26 
1968--------------------------------------- 3 329 4.095 .766 18.71 
1969---------------------------------------
1970-----------------------------------
3.372 
3.517 
4.020 
3 940 
.548 
423 
16. 35 
1074 
1971 --------.------------------------------ 3.453 3.740 287 7.68 
1972----------------------------------------
1973-----------------------------------
3.468 
3.367 
3.760 
3.550 
.292 
183 
7.76 
5.16 
Source: 1954-R production and capacity from American Petroleum lnstitute, "Petroleum Facts and Figures. 1971." 
pp 108and 8101969-7]production from American Petroleum Institute, "Annual Statascal Review," 1972, p. 5. 1969-71
capacity from "Oil and GasJournal," May 15, 1972,p.52 1972production from "OilandGas Journal," Dec25, 1972, 
pp. 82-85. 1972capacity fro. "Oil and GasJournal' June 25. 1923.p. 58 1973production from "O and GasJournal," 
Dec 31, 1973, p. 37,1973 capacity from "Oiland GasJournal," July8, 1974, p 86 
TABLE D.2.1-10. DIVERSIFICATION OF PETROLEUM CfOMPANIES INTO RELATED
 
ENERGY SOURCES AS OF 1970 TAHC-75]
 
Energy industry 
Petroleum company ae 0alshale Coal Urmumn Tar sands 
Exxon---------------------------------------- X X XX X 
Texaco. .................................... X X- X

: --------------- X X XGulf_------------...." .. X X 
Met------ -- ------- -- x x x X xMobil ................................... X X X X K 
Standard X .ofClifrni......................... X
Standard of lndiana.. . - .... X XShelf .............................. - X X "X. X . .X
 
Atlantic Richfield ............................... X X X X X
 
Phillip. ....................................... X X - -X
 
Continental----..................--- -- X K X X
Sun Ol ....................................... X X X X X
 
Union Oil of California ......................... x X ........ X
 
Ocd ntali--- - - - -- - -- ---- - - -- --Cities Servie .............. --------------- X X .. . ... X . .
 
Getty' - -- ---------.............. X X
l C ---. . X -----
Standard of io -........................... X X X
- X 
Peneizoil United, Ic ..................... X ........................
 
Sonal 4- .
 X ---................... .
 
Marathn........................... ... . X X
 
Ashlad_ ..... ------------------------------ X X
X X 
Kerr-McGee ----------......................... X X X
 
Superir---------- ----------.-.-.............. X X -----------------------­
a Includes Hooker CheicI.Co.
 
S Includes Sctty and Tidelaer.
 
I Includes reported Briltsh Petroleum
ossnts.
 
'As crfJtne 3,L0. 
I Asof SepL.30, 19EE 
Sour"e: Federal Tade Comnaissin, Market Boomahes in theEneqy SeatoRt the U. Ecom y," Coensnieet-e, 
Interior and isular Aftairs, U.S. Senate, Aug. 8, 1972, p.7g 
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Governmental intervention has taken forms other than those already
 
mentioned. Among the most famous are the depletion allowance (27% of the
 
resource value was deducted from taxable income each year of the producing
 
life of the well, even ifmore than 100% was eventually deducted), tax
 
incentives and price controls. The oil depletion allowance was cancelled.
 
Foreign oil has become an increasingly important portion of U. S. oil
 
consumption (Table D.2-4). The Arab oil embargo awakened the nation to its
 
growing vulnerability to foreign discretion, Although foreign oil has been
 
flowing into the U. S. for several decades, it has not presented a problem
 
until fairly recently. This has not only been due to the approaching of the
 
limit of domestic reserves. The shift of power in the world petroleum market
 
has had important consequences. In 1950, the seven big international oil
 
companies (See note 1 under Table D.2.1-11 and leave out Compagnie Francaise)

dominated the scene. The host contries were given relatively small payments
 
for their oil. The big 7 had the technology, size and vertical integration

(cartel power) to minimize the effects of independent companies. As the
 
foreign producing countries became more sophisticated in bargaining procedures,
 
they began to use independents to get higher'payments from the company cartel.
 
Higher royalties and taxes and more ownership paved the way for the formation
 
of OPEC in 1960. OPEC is now the dominant force in the world petroleum

market, although ventures like ARAMCO show that some company and country
 
interests are the same. Table D.2.1-11 gives the % production of the OPEC
 
countries by the major companies for years between 1965 and 1972. Table
 
D.2.1-12 shows U. S. imports by country of source from 1950-73.
 
The relation of recent world prices to domestic prices is depicted for
 
1971 and 1974 in Table D.2.1-13. The price elasticity of demand (the ratio
 
of a % change in quantity purchased of a good to a % change in price) for
 
oil products is estimated to be between .2and .4. Price elasticity of
 
supply (replace "quantity purchased" with "quantity supplied" above) is
 
thought to be about 1. This-implies that as prices rise, supplies will
 
increase proportionally more than demands decrease. People and firms
 
end up spending more in total for slightly less consumption. This is a
 
high-cost way of achieving a small demand reduction. Supplies will
 
continue to increase until it is no longer economically possible or there
 
are no reserves left inthe country.
 
Some others believe in a threshold of demand inelasticity. If the
 
prices of oil products get high enough, people will decrease consumption

(by curtailment and/or substitution) in a vigorous way. The income effects
 
of the current recession also lead to curtailed use. If high prices lead
 
to substantial increases indiscovery, recovery and new technologies, a
 
high supply will meet a low demand. The popular phrase for the result of
 
such phenomena is that the world would be "knee deep" in oil. The power
 
of the OPEC cartel to withstand such pressures is uncertain at this time.
 
Ifthey cannot restrict supply to a large degree, then prices will tumble.
 
This may again speed up the approach to the earth's finite oil reserve
 
limit. Lower prices may have stifling effects on budding but expensive
 
technologies.
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PRODUCTION OF OPEC COUNTRIES BY THE MAJOR INTERNATIONAL
TABLE D.2.1-11. 

CnMPANIES, 1965, 1969-72 FAHC-75]
 
[In percent of total]
 
OPEC countries 1965 .1969 1970 1971 1972 
Abu Dhahi I--- ----------------------- 96.2 96 9 97.0 96.9 97.2 
AtRert ;---------------------------- 33 2 8.9 3.1 0 0 
8 35.2Indonesa --------------------------- 8.4 8.6 86.9 7 9 
--.------------------------------ 8 2 8Z.0 82.5 80.9 85 
I Za - 95.0 95.0------------------------------- 95 1 95.0 64 7 
Kwat ---------------------------- 100a 110.0 100.0 100.0 100.0
 
Libya I ............................ 50.8 58.1 47.9 47.1 41.4
 
Nigeria ............................ 10.0 100.0 99.6 95.5 93.6
 Qatar ........................... 94.4 97.1 97.6 97.5 97.2
 
SudlArabia ........................ 100.0 100.0 1000 100.0 100.0 
Venezuela----- 87.8 86.9 83.1 86 5 .87.2 Major share. weighted average of Middle 
Eastern countries.................... 96.8 93.8 93.9 93.7 92.4 
Total major share of OPECproduction_-- 87.9 83.7 83.1 84.4 83.4 
I Brilish Petroleum, Compagne Francaise des Petroles. Eaton, Gulf, Mobil, Royal Dutch/Shell, Socal, and Texaco.I Later the dominant element of the Unite, Arab Emirates.
 
3 Petroleum production nationalized during this period.

Petroleum prodoctina partially natinalnzed during this period.
 
Source: "Puetroleumiues," various date. 
TABLE D.2.1-12. IMPORTS OF CRUDE OIL BY ORIGIN, 1950-73 [AHC-75]
 
IMillioas of barrels]
 
Arab 
Year countries Iran Venezuela Canada ligeria IdoSnesia Other Total 
0.3 107.7 a 173.9 
19D1....... 37.8- 0 - 105.8 .5 a 0 33.4 177.5 
1952 ....... 57.2 0 119.3 1.1 0 3.6 
1950 4------ 0 0 0 259 
263 207.5 
1953....... 804 0 116.1 2.6 0 14.4 19.7 233.2 
1954 ....... 77.1 .2 129.7 2.8 13.8 19.2 242. 6 
1955 ------- 98.3 3.1 148.8 16.4 1 11.8 13.0 291.4 
19596 96 3 7.2 167.0 42.7 133 15.2 341.8 ..... 
 23.7 373.21957..... 81.2 6.6 193.8 55.1 0 12.3 
1958 ..... 117.7 5.3 15.2 30.4 C 28.1 15.3 3480 0 20.0 17.0 352.31959--. 115.9 9.0 165.9 337 
1960 ------ 114.6 13.1 172.9 41.3 C 26.7 160 3715 
1961.... 120.9 2.0 155.8 666 0 2.7 35.6 331.5 
1962 ----- 118.4 17.7 169.0 85 1 0 24.5 13.5 411.0 
1963....... 112.4 22.7 174.5 90.4 0 21.3 
 14.0 412.7 
1964------- 126.6 24.1 174.2 101.6 0 23.0 13 2 43$.6 
1965 ------- 141.2 28 6 157.8 107.8' 5.3 22.2 17.3 452.0 
1966 _ 1----35.0 30.8 141.4 125.7 4.1 18.2 19.7 447.1 
86.0 131.1 1.4 411_6 
1960....... 126.7 21.2 125 7 164.4 3.1 26 6 20.8
1967 3---- 23.8 150.4 22.5 20.1 4723 
1969 8------6 111.7 203.3 17.9 32 3 23.2 314.1 
1970------- 11484 12.2 98.0 245 3 
125 15.3 
17.5 25 7 8.1 483.3 
1971....... 1!5.2 38.6 110.6 2633 34.3 40.2 9.3 613.4 
1972....... 230.9 49.7 93.3 312,4 98.9 59.6 26.0 811.1
 
1973, --- 211.0 69,7 186.1 364.3 168.3 73.4 169,6 1172.4 
JPreliminary. Vale far Indonesia Include all of"far EarsL" 
Source: 1950-55 data from US Department of Interior, "Mineral; Yearbook," 3951,1953, 195b. 1956-72 data from 
Amertcn Petroleum Institute, "Annual tatistical Review,' 1973, pp. 9 -10 . 1973 data from "OdandGasiorna,'Jzf.n28, 
1974, p.113. 
ORIGINAL'PArWJS 
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TABLE D.2.1-13. PETROLEUM INDUSTRY DATA SUMMARY, JANUARY, 1971, and
 
JANUARY, 1974 [AHC-75]
 
1971 1974
 
Landed price of Imported crude oil (dollars per barrel) ............................ 2.945 12.81
 
Production cmt ----------------------------------------------------------- . .10
 
Royally--.......----------------------.....--------------------- .224 1,456
 
Tax..........-- - ------------------------------------------------- .759 - 5 552
 
Transportaton coot-------------------------------------------- --------- 1 40 I 875
 
Importduty........................................... . 105 105
 
Lompany margin__------------- ---------------........................- 337 3 722
 
Domestic crude oil price (average dollar/barrel) ------------------------------------ 3.41 6 44
 
Old oil (controlled).. ......................................................... 5'25
 
New oil(unoontro]led) -------------------------------------------------------- ---------- 80 00 
Refined products. Wholesale Price Index (1967= 100)....-..........-........... 107.9 86 4
 
Petroleum product prices
Gasoline, regular (cents per palloe) .......................................... 35. 45 23
 
Dealer tank wagon price ................................ ....... .....--- 17.56 26 23
 
Production cost.............. .............................. 11.5 NA 
Tracsportatin cost.------------------------------------------- O NA 
Distibution cost................................................ 5 06 NA 
Deater gi 7.0 8 0m ar . .............................................. ........ 

Tax.. .................................................... 11.0 11.0
 
----------------------- 18 09Isoe beafi e oid(No2. cents per gallon) ........... 36.4
 
Produclon cost and refirery margin ................................... 9.8 NA
 
Transport cost......................................................... 88 NA
 
Denler rargin and dsltrbution cost................... .................. 6 43 NA
 
Tax ------------------------...-------------
. -----------.... 9 .S 
Performance (27 largest firms):
Net profits (millions of dollars), ------------------- -------------------- 6.319 i 14,028
 Net liquids productioa (million barre-s)... ................................ 7.828 1$, 8g
 
Refined roduct sales(rmlliou barrels).-... .............----------------------- 8.441 19.204
 Net pioeiproduct sales (dollars per barrel) -------------------------------- 0 75 a l. 52
 
Refinery runs (million barrels) ......................................... 7,568 8,381
 
Producbonlrelinery runs............................................. 1.03 11.06
 
I Annual rate basedon tat quarter 1974 profits of $3,506,924
 
o1973 figures.

'1974promirate diided by 1973 product sales
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Natural Gas
 
Production of natural gas for the most part has been associated with
 
the production of oil. As its advantages (highly'efficient and available
 
in an energy sense, clean) became known, itwas sought separately from
 
oil. Table D.2.1-1 shows that production increased with small exception
 
during 1950-73 while reserves peaked in 1970 (Alaska added).
 
The transportation of natural gas through interstate pipeline is quite

efficient. It is estimated that about 332 billion cubic feet of gas are
 
lost out of 21 trillion cubic feet pumped through the system. It is interest­
ing to note that about 1/10% of the energy transported per year is required
 
to pump this gas.
 
The cost of long-distance transmission of gas varies between one to
 
three cents per million BTU Per 100 miles. Costs are relatively insensitive
 
to distances beyond the 80 or 100 miles that compose a line section, but
 
economies of scale are very significant. Pipelines installation costs are
 
sensitive to the remoteness and roughness of the terrain, as indicated by
 
the estimate of 3 cents/l06 BTU/l0D miles for 48" trans-Alaska pipeline and
 
1.35 cents estimate for a line from Portland, Oregon to Los Angeles.
 
The chief prospect for reduction in transportation cost lies inthe
 
capital savings associated with development of lighter and stronger pipe
 
and improved construction techniques.
 
At the end of 1969, there were 320 large underground storage reservoirs
 
with a capacity of 4.9 trillion cubic feet. It is estimated currently that
 
2.3% of the natural gas produced for transmission and distribution iswasted.
 
Most of this loss, probably, is in the distribution where inmany cities
 
the piping system dates from the 19th century.
 
Liquefied Natural Gas (LNG)
 
LNG, in the U. S., is used primarily for peak shaving and in situations
 
in which normal gas transmission and distribution is either unavailable or
 
uneconomical. The technology for shipping LNG by truck iswell in hand,
 
having been developed for commercial liquefied gases and for handling liquid
 
gases in the aerospace program. Much more economical for long distance ship­
ment are cryogenic railroad cars. Use of pipelines has been considered and
 
rejected for long distance shipment; insulation and refrigeration stations
 
needed on long distance LNG pipelines is undecided, one published figure is
 
every 25 miles, while another report recommends every 100 to 150 miles.
 
The design of LNG tankers has been developing rapidly since the first
 
prototype went to sea in 1959. An attempt has been made recently to improve
 
tanker hull space utilization and reduce costs through introduction of the
 
membrane concept. In a membrane tanker, self supporting tanks for the LNG
 
are replaced by a thin membrane of cryogenic material which issupported by

the insulation and hull and ismolded,to closely follow hull contours.
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About 7 billion cubic feet of-natural gas is liquefied annually in the
 
U. S.and stored in the liquid form. The handling and evaporation of LNG
 
will become very important in the future when as much as one trillion cubic
 
feet is expected to be imported per year.
 
Government intervention, aside from that connected with oil production

(gas providing an important natural drive in crude oil wells), has mainly
 
involved the control of prices in interstate sales of gas. Itis generally

felt that gas prices were kept artificially low. This encouraged overuse
 
of gas as well as lower demands (and hence lower prices) of other energy
 
resources.
 
Environmental effects of gas-industry operations are strongly related
 
to oil drilling operations. Other factors are leaks or spills. As a fuel,
 
natural gas is very clean, i.e., there are no serious air pollution problems.
 
Coal
 
Coal reserves in the United States are truly staggering. Resources
 
known from exploration and mapping are 1581 billion tons as shown inTable
 
D.2.1-14. This includes all anthracite and bituminous coal in seams
 
greater than 14 inches and all subbituminous coal and lignite in seams
 
greater than 30 inches to a depth of 3000 ft. An equal amount of coal is
 
projected in unmapped regions and to a depth of 6000 ft. Altogether this
 
gives an anticipated resource of around 3200 billion tons.
 
Under present mining techniques only about 1/3 of the known reserves
 
can be extracted; with improved technology it isanticipated that around
 
1/2 of these reserves may be utilized. Usinn the most recent statistics
 
from 1971 the rate of production was only 0.552 billion tons so that
 
reserves gre ample for the foreseeable future.
 
Not only are coal reserves extensive, they are also widely distributed
 
across the continental United States, occurring broadly in each section
 
except the extreme western states. This distribution is illustrated in
 
Figure D.2.1-1 and again in Table D.2.1-15. Coal isgenerally classified­
by type and sulfur content. Bituminous coals generally have a thermal con­
tent of between 12000 to 15000 BTU/lb.; subbituminous coals are between
 
8000 and 11000 BTU/lb. and lignite, between 7000 to 8000 BTU/lb. Eastern
 
coals are generally of the higher thermal content type and offer an
 
advantage in shipping costs. Western coals are frequently found near the
 
surface and are in thicker seams so that mining costs are generally less.
 
Perhaps even more important is the lower average sulfur content of western
 
coals.
 
The most significant trends inmining over the past 30 years include
 
increased mechanization and a movement toward strip mining. In1947, .491
 
billion tons were from underground mines whereas only .139 billion tons
 
were from surface mines. Average productivity for underground mines was
 
5.49 tons/man-day and for surface mines was 15.93 tons/man-days. By

1969 underground mines production had dropped to .3635 billion tons and
 
surface mining increased to .197 billion tons. Average productivity
 
TABLE D.2.1-14. TOTAL ESTIMATED COAL ,RSERE F THE..
 
UNITED STATES, JANUARY 1, 1972, BY STATES 
WITH MORE THAN 10 BILLION SHORT TONS 
[D. A. Probst and W. P. Pratt-73] 
Identified Hypothetical Reserves Total 
State Reserves Overburden Reserves 
0-3000 ft 3000-6000 ft 
InMillions of Short Tons 
Alabama 
Alaska 
15,342 
130,081 
20,000 
130,000 
6,000 
5,000 
41,342 
265,081 
Arizona 21,246 0 0 21,246 
Colorado 80,581 146,000 145,000 371,581 
Illinois 
Indiana 
139,124 
34,573 
100,000 
22,000 
0 
0 
239,124 
56,573 
Iowa 
Kansas 
6,509 
18,674 
14,000 
4,000 
0 
0 
20,509 
22,674 
Kentucky 64,842 52,000 0 116,842 
Missouri 31,014 18,200 0 49,214 
Montana 221,675 157,000 0 378,675 
New Mexico 61,427 27,000 21,000 109,427 
North Dakota 350,630 180,000 0 530,630 
Ohio 41,358 2,000 0 43,358 
Oklahoma 
Pennsylvania 
3,281 
77,269 
20,000 
10,000 
10,000 
0 
33,281 
87,269 
Texas 
Utah 
12,872 
23,721 
14,000 
21,000 
0 
35,000 
26,872 
79,721 
Virginia 9,687 5,000 100 14,787 
Washington 6,179 30,000 15,000 51,179 
West Virginia 100,628 0 0 100,628 
Wyoming 120,656 325,000 100,000 545,656 
Other States 9,618 9,080 5 18,703 
United States 1,580,987 1,306,280 337,105 3,224,372 
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TABLE D.2.1-15. IDENTIFIED COAL RESERVES OF THE UNITED STATES,
 
JANUARY 1, 1972, BY STATES WITH MORE 
THAN 10 BILLION SHORT TONS 
[U. S. Geological Survey-74J 
State Bituminous Sub-Bituminous Lignite Total 
Coal Coal 
InMillions of Short Tons 
Eastern Province 
Alabama 13,342 2,000 15,342 
Kentucky 64,842 64,842 
Ohio 
Pennsylvania 
41,358 
56,759 (and 20,510 Anthracite) 
41,358 
77,269 
West Virginia 100 628 100,628 
297,439 299,439 
Interior Province 
Illinois 139,124 139,124 
Indiana 34,573 34,573 
Kansas 18,674 18,674 
Missouri 
Texas 
31,014 
6 048 6,824 
31,014 
12,872 
3229,,23 
Northern Great Pla4ns Province 
Montana 2,299 131,855 87,521 221,675 
N.Dakota 350,630 350,630 
438,151 572,305 
Rocky Mountain Province 
Arizona 21,246 21,246 
Colorado 62,339 18,242 80,581 
New Mexico 10,752. 50,671 61,423 
Utah 23,541 180 23,721 
Wyoming 12,705 107,951 120,656 
130,583 177,044 307,627 
Other States 47,641 115,174 2,544 165,359 
U.S. Total 707,395 424,073 449,519 1,580,987 
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increased to 15.6 tons/man-day in underground mines primarily due to
 
introduction of continuous mining techniques. Productivity in surface
 
mines had increased to 35.7 tons/man-day. [Papamarcos-74,39]
 
Currently enough new mines are being opened to produce .237 billion
 
tons of new production. Surface mines account for about 60% of this new
 
capacity as seen inTable D.2.1-16.. Development is almost evenly divided
 
between mines east and west of the Mississippi as shown inTable D.2.1-17.
 
This indicates the need to develop mines in regions where low sulfur coal
 
is abundant.
 
Coal is transported by a number of carrier conveyances. The principal

carriers used for coal transportation are: railroad, truck, water borne
 
carrier and pipeline.
 
In practice, the employed transportation conveyance isdetermined on
 
the basis of economies. The endeavor to maximize economic gains is instru­
mental in selecting a given transportation mdde for particular source/
 
destination/volume parameters.
 
In 1967:
 
553,600 x 103 tons were moved by rail,
 
198,789 x 103 tons were moved by river,
 
106,156 x 103 tons were moved on Great Lakes,
 
46,736 x 103 tons were moved by tidewater,
 
45,194 x 103 tons'were moved by truck,
 
32,812 x 103 tons were moved by tramway, conveyor and private
 
railroads.
 
In general, 3.3% of the coal is used at the mine, 11.5% ismoved by
 
water, 12.6% by motor vehicle and 72.5% by rail.
 
The most advanced railroad hauling technology now in regular use is
 
the unit trains concept, which consists of conventional equipment operating
 
continuously in a train dedicated to the service of one customer. This
 
concept can increase the utilization of cars by as much as 600% and reduces
 
the cost of loading, unloadinq and switching associated withcoal shipment
 
as part of a general train carrying many different types of goods.
 
Another step inreducing costs is the construction of trains specifi­
,callydesigned for shuttle use, dubbed integral trains. Such trains would
 
consist of extra large cars semipermanently coupled with power units inter­
spersed among the cars, and especially designed for rapid loading and
 
unloading. With power units at either end, the trains would not need to
 
be turned around at terminals. For this train to be economical, itwould
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TABLE D.2.1-16. NEW COAL MINE CAPACITY TOTALS BY YEARS BY MINING METHOD AND
 
NUMBER OF MINES (THOUSANDS OF TONS) [Nielsen-75, 130] 
Deep No: of Strip No. of Auger No. of Total Total 
Year Cap. Mines Cap. Mines Cap. Mines Cap. Mines 
1973 4,120 8 9,600 7 200 2 13,920 17 
1974 15,948 15 7,130 12 -- -- 23,078 27 
1975 10,688 17 4,535 4 .... 15,223 21 
1976 13,327 13 11,800 4 .... 25,127 17 
1977 21,370 16 2,800 1 .... 24,170 17 
1978 11,040 10 2,500 1 .... 13,540 11 
1979 9,064 5 20,500 2 .... 29,564 7 
198b 4,000 1 34,000 4 .... 38,000 5 
1981 5,000 2 --- -- 5,000 2 
1982 -- -- 14,000 1 -- -- 14,000 1 
1983 --- -- 35,000 2 .... 35,000 2 
Total 94,567 87 141,865 38 200 2 236,622 127 
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TABLE D.2.1-17. NEW COAL MINE CAPACITY TOTALS BY 
MINING METHOD AND NUMBER OF MINES 
(THOUSANDS OF TONS) [Nielsen-75, 130] 
Deep No. of Strip No. of Auger No. of Total Total 
State Cap. Mines Cap. Mines Cap. Mines Cap. Mines 
Ala. 11,750 6 - - - - 11,750 6 
Ariz. - - 8,000 1 - - 8,000 1 
Ill. 18,900 7 8,300 3 - - 27,200 10 
Ind. 4,000 1 6,000 2 - - 10,000 3 
Kans. - - 500 1 - - 500 1 
Ky. 7,370 11 6,850 7 200 2 14,420 20 
Md. - - 120 1 - - 120 1 
Mont. 21,000 2 - - 21,000 2 
N.M. - - 5,000 2 - - 5,000 2 
Ohio 7,400 4 950 2 - - 8,350 '6 
Pa. 9,388 10 1,260 3 - - 10,698 13 
Tenn. - - 100 1 100 1 
Tex. 100 1 - 100 1 
Utah 1,300 2 1,300 2 
Va. 1,200 1 - 1,200 1 
Wash. - - 1,000 1 1,000 1 
W.Va. 32,149 43 1,285 4 33,434 47 
Wyo. 1,000 1 81;500 8 - - 82,500 9 
Total 94,557 87 141,865 38 200 2 236,622 127 
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have a capacity of about 35,000 tons compared with 10,000 tons or so for
 
current large trains. Studies ihdicate that the integral train should be
 
competitive with coal pipelines and even gas pipelines. Itshould be
 
remembered that railroads' flexibility and hence ability to institute new
 
procedures is hindered by rate regulation, labor problems, uncertainty
 
caused by mergers, etc.
 
On the other hand, the only commercial slurry pipeline which has been
 
operated in the U. S. prior to the line from Black Mesa to the Mohave was
 
built in Ohio. It began services in 1958 and contrived to run through 1963.
 
The operation of the Ohio pipeline isgenerally thought to have proved coal
 
transportation by pipeline to be workable and slurry preparation to be
 
feasible, but itdid not prove out any method for slurry utijization which
 
was deemed satisfactory.
 
It has been suggested that oil rather than water be used for slurring,
 
to increase the energy throughout of coal slurry pipelines. While this
 
might be attractive ifcoal and oil were found together and shipped to the
 
same destination, the costs of moving oil to the coal field makes this
 
economically unattractive. Inaddition, oil slurry ismore difficult to
 
handle.
 
D.2.2 THE ELECTRICITY INDUSTRY
 
Historical production of electric-power from 1947-74 is given in
 
Table D.2.2-1. Over this period there has been a relatively high rate of
 
growth in electrical usage. An especially pressing problem in the produc­
tion of electricity isthe need to meet daily and seasonal peak demands.
 
The daily peaks virtually bracket the eight hour work period. The seasonal
 
peaks have varied from winter (heating and more evening lighting) to summer
 
(air conditioning). Power companies must keep the necessary capital equip­
ment to meet these peak demands.
 
D.2.2.1 TYPES OF FUEL
 
Projections of growth in the electrical industry by fuel sectors is
 
shown inTable D.2.2-2. Traditionally coal has been the major fuel source
 
for power generation. Inmore recent years environmental considerations
 
have tended to push utilities toward oil. There has also been a definite
 
move toward nuclear power although this trend has been much slower than
 
generally anticipated and growth targets of the nuclear industry are
 
regularly revised downward.
 
D.2.2.2 TYPES OF CONVERSION SYSTEMS
 
Oil and Coal Fired
 
In spite of rapid growth in the startup of nuclear plants over the
 
past several years, fossil fuels remain dominant in the generation of
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TABLE D.2.2-2.
 
INSTALLED CAPACITY AND GENERATION FOR
 
CENTRAL STATION POWER PLANTSa
 
Installed Capacity 	 Powe Generated
 
Year 	 Type of Plant (I03 Me) (10 kW-hr)
 
1969 	 Hydropower 53 246
 
Gas turbine and I-C 14 15
 
Gas-Steam 78 368 
Oil-Steam 40 150 
Coal-Steam 143 761 
LWR 4 13 
Total 	 332 1553
 
1977 	 Hydropower 53 246
 
Gas turbine and I-C 36 25
 
Gas-Steam 	 81 392
 
Oil-Steam 61 293
 
Coal-Steam 203 980
 
LWR 90 514
 
Total 	 T2T 
1,985 	 Hydropower 55 257
 
Gas turbine and I-C 57 40
 
Gas-Steam 79 367
 
Oil-Steam 78 364
 
Coal-Steam 250 1175
 
LWR 258 1469
 
Total 	 - 7T- 7677 
aIncludes industrial self-generation.
 
electrical power. At the end of 1974, installed generating capacity of
 
electric utilities was 71% fossil fueled steam units. Moreover, another
 
8.2% of generating capacity was in combustion turbines and 1.1% in
 
internal combustion engines so that altogether 80.2% of the installed
 
capacity is fossil fueled. In comparison, 11.5% of generating capacity
 
was in hydroelectric plants and only 6.4% in nuclear. [EW-75,58]
 
The breakdown by fuel sources for electrical power generation from
 
fossil fuels is shown in Figure D.2.2-1. Historically, the bulk of elec­
trical power generation is from coal. However, during the late 1960's
 
use of coal leveled off in reaction to pressures from several quarters.
 
The Coal Mine Health and Safety Act took effect in 1970. Environmental
 
pressures and shortages of low sulfur coal also restricted coal usage.
 
A number of plants were converted to oil and natural gas during this
 
period. However, shortages of natural gas caused a leveling of usage
 
after 1970, and the conversion shifted largely to oil. In 1974, a
 
down turn is noted in the consumption of all fossil fuels for electrical
 
power genetation as economic conditions resulted in a decline in el c­
trical power generated by fossil fuels from 1585.7xi0 9 to 1550.4xi0 KW-hr.
 
The decline in coal usage can probably be attributed to cutbacks caused
 
by strike created shortages. Reduced oil and gas usage reflects not only
 
economic conditions but also increased fuel costs and conservation
 
measures.
 
Conversion of existing oil or gas fired units to coal has been
 
ordered by the FPC wherever possible. Generally those units originally
 
designed for oil or gas are not economically convertible: reasons include
 
lack of facilities to handle coal ash, differences in boiler design,
 
lack of suitable rail access, etc. In some cases, itwill be impossible
 
to reconvert units originally designed for coal and converted to gas
 
or oil. Upon initial conversion, several utilities sold coal storage
 
areas or rail right-of-way so that these facilities are no longer
 
available. Shortages of low sulfur coal may also limit reconversion.
 
[Young -75].
 
Various economic pressures together with shortages of natural gas
 
has already produced a shift back toward coal as the dominant fuel for
 
future electrical power generation as shown below. [E1-75, 58]
 
Coal Utilization in New Orders
 
for Fossil Fueled Generation
 
1971 40% 
1972 60% 
1973 90% 
1974 98% 
However, the impact of the swing to coal is impeded by the worsening
 
financial problems affecting both the overall economy and the electric
 
utilities. During 1974, some 100 fossil fired units involving 57,535 MW
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of capacity have been postponed or cancelled. This represents approxi­
mately 58% of the industrial backlog. The nuclear power industry has
 
been similarly hard hit with 121 units totaling 126,386 MW cancelled
 
or postponed. Another 14 nuclear units which were planned have been
 
postponed giving 65% of the backlog which isto be delayed.
 
Nuclear
 
By far, the largest fraction of electrical energy produced in the
 
United States today is produced in central power stations employing

steam-driven turbines to turn electric generators. All such plants

have certain features in common. First, each has what is known in
 
the industry as a "steam supply system", which produces high pressure
 
steam from ordinary water. Intoday's power plants using conventional
 
boilers, the heat needed to produce the steam is supplied by burning

fossil fuels. In nuclear plants, this heat is provided by nuclear
 
fission of uranium or other fissile material.
 
The nuclear energy industry in the United States is structured
 
on three types of reactor concepts; the Pressurized Water Reactor
 
* (PWR), the Boiling Water Reactor (BWR) and the High Temperature Gas-

Cooled Reactor (HTGR). As of May 1975, there were 53 nuclear power

plants licensed for commercial operation: 29 PWR's, 23 BWR's and
 
one HTGR. This corresponds to a total net maximum capacity of 36.7 GWe,
 
Historically, the plant load factor has been around 60 percent,

including both scheduled and forced shutdowns. At the present time,
 
three BWR's have been derated to 50% of their full power due to
 
vibratiqn problems associated with the incore instrumentation. Three
 
other plants are down for repair and modifications in the Emergency

Core Cooling System, and-two are shut down due to a fire incident
 
during leak testing in the control room. [NI-75,24]
 
The efficiency rating for a 1 GWe nuclear power plant is around
 
33 percent. This has varied from 19.8 to 35.9 percent for commercially

licensed plants. [AEC-73-2]
 
The most important fuel materials presently found in the nuclear
 
energy industry contain the isotopes of uranium (U-238, U-235 and U-233),

the fissile isotopes of plutonium (Pu-239 and Pu-241), and thorium-232.
 
Plutonium-239, not naturally available, and uranium-233 are produced

from neutron capture reactions in uranium-238 and thorium-232, respectively.
 
Uranium in the form of uranium dioxide (about 97% U-238 and 3% U-235)

fuels Light Water Reactors (LWR). In the case of the High Temperature Gas-

Cooled Reactor, a combination of highly enriched uranium (over 90% U-235)

and thorium-232 carbide coated particles is used as fuel. No fuel
 
materials are commercially fabricated from plutonium and uranium-233
 
at the present time. They are the potential fuels for the breeder­
reactors enwfsioned in-the future.
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The nuclear fuel cycle typically consists of the following operations:
 
mining and milling, conversion, enrichment, fabrication, utilization in
 
a nuclear reactor, reprocessing, and waste management. Transportation
 
is the common element between the various steps in the fuel cycle.
 
Uranium ore is obtained either from underground or open-pit mines
 
with approximately 55% currently coming from underground mines. There
 
are some 170 domestic uranium mines with a capacity to produce about
 
9 million tons of ore a year. Less than 7 million tons annually are
 
now produced. [NI-75,31]
 
Conventional uranium resources, 98% from sandstone deposits, are
 
estimated as 700,000 tons of U308 (up to $30/ib) inthe category of
 
reasonably assured resources and 1.5 million tons of U308 (about $30/lb
 
or less) in the estimated additional resources category. The Energy
 
Research and Development Administration (ERDA) has added another million
 
tons of U308 to the latter. [NN-75,36J
 
Nonconventional uranium resources are estimated at 2.7 million tons
 
of U308 at a forward cost of up to $100 per pound of U308. These
 
resources come mainly as by-product of the copper and phosphate industries.
 
About 320 million pounds of uranium would be recoverable at an approximate
 
cost of $10 per pound from the processing phosphate solutions. Another
 
potential source of uranium is the phosphate rock from central Florida.
 
Actual phosphoric acid production from this rock is 4.5 million tons'
 
per year with an U308 content of 4 million pounds. [NN-75,36]
 
Sixteen uranium milling plants are operating in the United States
 
with a maximum capacity of 14,000 tons of uranium per year. DPoole-75,97
 
Capacity for U308 conversion to UF6 stands at 17,200 metric tons
 
of uranium per annum.
 
The enrichment of uranium continues to be the only major step
 
in the nuclear fuel cycle that isnot performed by industry as a
 
commercial enterprise. Uranium Enrichment Associates has a firm
 
commitment with ERDA to build a nine milTion Separative Work Units
 
(SWU) gaseous diffusion plant near Dothan, Alabama. The proposed
 
facility will require 2,500 MWe. The plant will supply enriched
 
uranium to approximately 100 (IGWe) nuclear power plants.
 
A gas centrifuge enrichment plant proposal has been submitted
 
by CENTAR Associates to ERDA. The plant would fuel up to 30 LWR's
 
at full commercial size in 1986. The centrifuge system requires
 
about 10 percent of the power needed in the gas diffusion process.
 
CENTAR points out that the plant can be operated economically at
 
one-third the size and one-third the capital needed for a gaseous
 
diffusion plant. [NI-75,14j
 
Domestic capacity for fuel element fabrication using U02 is about
 
4,500 metric tons per year of uranium.
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The function of the fuel reprocessing plant isto- recover the
 
residual fuel materials for re-use and isolate radioactive wastes
 
for storage and ultimate disposal.
 
At the present time there are no commercial reprocessing plants
 
in operation. This has created a backlog of LWR spent fuel elements
 
of over 1000 metric tons of uranium. The Nuclear Fuel Services facility,
 
shut down for expansion, plans to reopen with a capacity of 750 tons/
 
year in 1978; the Mid-West Fuel Recovery Plant was delayed for about
 
two years due to certain problems during the testing phase; and the
 
Barnwell Nuclear Fuel Plant isscheduled to begin operation in late
 
1976, with a capacity of 1500 tons/year. Due to this situation, it
 
is expected that the backlog of unreprocessed spent fuel will extend
 
into the near mid term (1985). [NI-75,38J
 
The capacity to handle the transportation of fresh fuel, spent
 
fuel and nuclear waste is adequate at this moment. These are usually
 
handled by railroad; however, increased rail rates may move the shippers
 
to truck transport.
 
Another important area in the transport of spent fuel elements
 
is the number of shipping casks available. There are only two companies
 
involved in this activity: Nuclear Fuel Services and General Electric.
 
The highest capacity cask available, as of October 1973, is the GE F-300.
 
This can carry seven Pressurized Water Reactor (PWR) assemblies or
 
eighteen Boiling Water Reactor (BWR) assemblies. PWR's discharge about
 
120 to 200 assemblies per core replacement loading, while a large BWR
 
averages about 360 to 760 per core loading.
 
Hydroelectric
 
Water has been used for the production of some forms of power since Roman
 
times. Many hydroelectric power-generation stations exist today with
 
capacities well in excess of 10 MW . The ultimate world capacity for
 
energy production from this source Eas been estimated to be 2.857 x 106 MW
with: 6
 
0.780 x 106 MWe inAfrica
 
0.577 x 106 MWe'in South America
 
0.186 x 106 MWe inthe United States 
It is interesting to note that the fossil-fuel poor regions of Africa
 
and South America have the richest sources of hydroelectric power potential.
 
An estimate of the ultimate U.S. hydroelectric capacity is given in
 
Table D.2.2-3 (U. S. Geological Survey).
 
Except for a few large new sites ranging from 500 to 2500 MW, the
 
planned hydroelectric developments will include mostly small sites of
 
less than 200 MW capacity. Ifplanned expansions occur, about 60% of
 
the potential hydroelectric energy inthe U.S. will be harnessed by 1985.
 
Necessarily, the undeveloped potential sources will be mostly widely scattered
 
small sites in the 50 to 150 MW range that may never be developed for economic
 
reasons. Laws to preserve rivers in their natural wild state may limit
 
the development of the planned sites.
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TABLE D.2.2-3. U. S. HYDROELECTRIC CAPACITY
 
[U. S. Geological Survey-74]
 
Region Ultimatj Capacity 1972 installed
 
(10 MWe) capdctty iO3 MWe
 
New England 6.8 1.51
 
Middle Atlantic 16.5 4.25
 
East North Central 2.2 0.96
 
West North Central 7.1 2.73
 
South Atlantic 14.5 5.47
 
East South Atlantic 9.1 5.22
 
West South Central 5.3 2.10
 
Mountain 32.4 6.22
 
Pacific 62.2 24.86
 
Alaska 32.6 0.08
 
Hawaii 0.1 0.02
 
186.8 53.40
 
D-34 
A developing trend in electric generation is the use of reservoirs
 
to store water. Baseload fossil fuel plants and nuclear plants can be
 
used to store water for peaking purposes. The stored water can be used
 
as a conventional hydroelectric power when electrical demand peaks during
 
daylight hours on weekdays. The reversible pump-turbine-generator permits
 
water to be pumped uphill and also provides generation of electric power
 
with the same unit when the water falls. Of course, the availability
 
of pumped storage sites depends mostly on topography. A high head must
 
exist between two reservoirs in the same area. Most of the planned pumped
 
storage facilities are in the Appalacian Mountain area of the Carolinas,
 
Virginia, West Virginia and Kentucky. Additional sites are planned in
 
California and the Ozarks.
 
D.2.2.3 TRANSMISSION AND DISTRIBUTION (T&D) OF ELECTRIC POWER
 
Electric power to be transmitted is either AC or DC, and the modes
 
of-transmission and distribution are either overhead or underground.
 
T & D, in the past, has accounted for more than 50% of the utilities'
 
investments, and this investment is still serving the industry well.
 
In this section, a discussion on the cost of T & D, the voltage
 
levels and advantages and disadvantages of DC transmission will be
 
presented.
 
Cost of electric power transportation varies considerably with the
 
terrain to be crossed, right-of-way costs, labor costs, voltage and
 
line capacity. DC lines usually cost approximately 0.65 to 0.75 times
 
as much as an AC overhead line of comparable capacity exclusive of
 
terminal equipment. Cost ratios for underground to aerial transmission
 
for equal capacity lines- range trom ten to one to forty to one. Labor
 
and right-of-way costs as well as the type of cable systems and terrain
 
being traversed affect this ratio. Cost of power transmission in urban
 
areas will increase in the future due to escalating right-of-way expenses
 
and environmental pressure to install underground transmission. Table
 
0.2.2-4 lists the total unit mileages in the U. S. at the various voltage
 
levels in1968.
 
American and Canadian Electric Power Companies operate 765 KV lines.
 
Research is now in progress for new voltage levels in the range from
 
1000 KV to 1500 KV. The nature of the load differs seasonably from one
 
part of the country to another, and also load diversity occurs due to
 
time zones. Generally, the sumner and winter loads are much more com­
parable than in Europe due to the extensive use of air conditioning
 
during the summer. The ratio of: (suner peak)/(peak load in the
 
following December) is used to assess this characteristic. Transmission
 
of excess generating capacity from one region to aviod the necessity
 
for new generating plants in another seems to offer an economical
 
solution.
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TABLE D.2.2-4. VOLTAGE LEVELS & MILES
 
Voltage Level Miles
 
(KV)
 
Below 69 136,000
 
69 82,000
 
115 77,000
 
138 47,000
 
230 37,000
 
345 9,000
 
500 5,000
 
TOTAL 392,000
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The corresponding relationship between the cost of transmission and
 
power transmitted is shown in Figure.D.2.2-2 for 345 KV and 765 circuits
 
of various lengths. [Weedy-72]. One motivation behind using higher voltage
 
levels is to maintain high efficiencyof transmission systems (above 90%).
 
Another motivation is to allow the bulk transmission of a block of electric
 
power a longer distance for the same (12R) resistive line loss.
 
Although most overhead transmission lines in the U.S. employ AC,
 
DC lines are being used for long distances, large block electric trans­
mission. Typically, DC lines show lower transmission cost than AC for
 
lines longer than 350-700 miles.
 
Advantages of DC transmission are:
 
Higher power capability for a given voltage level,
 
Less corona loss and radio interference for a given voltage
 
level,
 
Transmission line conductors and towers are smaller for a
 
given power capacity,
 
Connection of power systems through DC transmission line
 
leads to more stable systems operation.
 
Disadvantages of DC transmission are:
 
Rectification high cost,
 
Lack of adequate DC circuit breakers,
 
Limited transmission from point-to-point (intermediate
 
tapping-off is not feasible).
 
Underground transmission, as cpmpared to overhead transmission
 
requires less right-of-way, but is derated because:
 
Inability to dissipate heat losses,
 
Insulating materials manufacturing problems,
 
Required short inductor compensation (because of the close
 
spacing in trenches),
 
Reliability problems and high cost of repair,
 
Connecting joints and feed joints (for oil to flow from
 
reservoirs to enter cable) represent the limiting part of
 
a cable system,
 
To remain flexible, there exists an upper limit on the
 
overall cable diameter and hence to its conductor size.
 
120 
\ 345 kV 
765 kV 
80 
300 MILES
 
o\ ,
 
20 Mh~h LESE 
- - - - -300 MILES 
200 MILES 
100 MILES 
100 MILES 
2000 4000 6000 

MW 
FIGURE D.2.2-2. TRANSMISSION COSTS VERSUS POWER TRANSMITTED FOR
 
345 KV AND 765 KV CIRCUITS OF VARIOUS LENGTHS.
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A breakdown of costs for a 345 KV pipe type cable is shown in
 
Figure D.2.2-3. [Weedy-72]
 
Tbe losses in the AC and DC transmission are to be considered next.
 
The (I R) AC loss of the conductor represents the largest heat source.
 
The alternating - current resistance of the conductor is the direct ­
current resistance modified to account for the skin and proximity
 
effects. Skin effects even at power frequency are significant and increase
 
with conductor cross-section. With large conductors the increase in AC
 
resistance due to this cause isof the order of 20%. Proximity effects
 
include the eddy currents induced in the conductor and sheath of a
 
cable in a circuit comprising three separate single conductor cables
 
by the conductor fluxes of the neighboring cables. Further losses
 
are induced into steel-wire armoring wound around some cables for
 
mechanical protection.
 
D.2.2.4 PROFITABILITY OF PUBLIC UTILITIES
 
Table D.2.2-5 shows some history of power industry construction expendi­
tures and their internal vs. external origin. The most recent trend is
 
toward external financing which generally ismore costly for a given type
 
of investment.
 
Load Factors and the Peak Capacity Problems
 
The utilization efficiency and production costs for electrical energy
 
are determined, in part, by the load factor which is equal to the ratio of
 
actually~produced electrical energy to the potential annual production.
 
The average load factor inthe U. S. has been about 50% in recent years,
 
which is slightly higher than the world average but lower than the load
 
factor achieved in 1972 in Japan (56%) and in Canada (53%). During the
 
same year, a load factor of only 40% was reached in England.
 
-
Electrical energy demand in the U. S. shows diurnal, weekly and annual
 
cycles. Demand fluctuations result in cyclic peak load curves for utilities.
 
Electric utilities are designed to meet peak demand. The plants producing
 
electricity at the lowest cost are used to supply base-load demands, while
 
peak demands are met by less economical generation facilities. Electrical
 
energy prices to the consumer, financial requirements of the utilities
 
and environmental costs involved in electricity production would all be
 
reduced substantially by smoothing the cyclic-demand fluctuations.
 
The current rate design involves cross-subsidization among and between
 
customer classes and between users who demand peak loads at different times
 
during the day. Off-peak consumers are effectively subsidizing the users
 
of electrical power during periods of peak demand who, at the same time,
 
force the utilities to expand capacity and to operate less efficient gen­
erating facilities that may also consume scarce or expensive fuels. It is
 
likely that "time-of-day" pricing (i.e., increasing utility rates according
 
to demand) would tend to defer some of the peak loads to off-peak periods.
 
Time-of-day meters and pricing have been used in France and have been shown
 
to reduce peak demand.
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Projections of future productions, loads and capacities up to 1990 are
 
given inTable D.2.2-6 for eight cases inthe National Power Survey. Table
 
D.2.2-l gives a slightly different picture by types of plants to the year
 
2020. Table D.2.2-7 presents a third view that ismore comprehensive.
 
D.3 DEVELOPING ENERGY SYSTEMS
 
The energy crisis has given a new impetus to several proposed energy
 
sources. These may representeither new uses of traditional fuels or may
 
utilize some fuel which heretofore has not been developed. The major change
 
has been the rapid realignment of fuel cost. Processes which as recently
 
as 1973 were little more than a technological curiosity are now appearing
 
economically attractive.
 
D.3.1 FOSSIL FUELS
 
Coal Liquefaction
 
Research into liquefaction of coal has been underway for around
 
50 years. The technical feasibility of such processes iswell demonstrated
 
at this time; Germany produced a significant quantity of synthetic fuel
 
durirq World War IIand since that time the process has undergone consid­
erable development inSouth Africa. The motivation inboth cases has
 
been the same: fear of actual or threatened disruption of natural supplies.
 
As long as middle eastern oil remained low incost and stable in
 
supply there appeared little incentive to develop similar processes world
 
wide; the situation now appears to have changed. Today a number of
 
coal liquefaction processes are being reviewed or developed. The major
 
processes under known development are listed inTable D.3.1-1
 
efficiencies and costs are generally not known. While estimates are
 
available from the developers of each process, the recent history of cost
 
overruns inareas involving R&D in advanced technology makes such estimates
 
highly questionable.. Present best estimates suggest costs of between
 
$6.40 and' $9.60 a barrel. ERuedisili-75, 418J The lower figure applies
 
to low sulfur boiler feedstock and the higher to refinery feedstock. Both
 
estimates are below current OPEC prices so that economic viability of such
 
processes appears possible.
 
Coal Gasification
 
Coal gasification isproceeding at a fairly rapid rate. As of March
 
1975 at least 29 plants are under study as shown inTable D.3.1-2. The
 
Lurgi process used inSouth Africa is the best developed. Similar plants
 
are now-under development inthe United States and were scheduled to begin
 
production of low BTU gas in 1976 and high BTU gas somewhat later. ICA­
75, 94] Environmentalists have filed suit to delay construction until full
 
impacts can be assessed.
 
TABLE D.2.2-6. U. S. ELECTRIC PONER INDUSTRY ELECTRICAL OUTPUT, LfADS AND CAPACITIES 1970-1990 [FPC-FO-74J
 
Cases 
I & IA 
Moderate 
Growth 
Case 
1. 
Historic 
Growth 
Case 
III 
Low 
Growth 
Case 
IV 
AlI-
Electric 
Case 
V 
Zero 
Growth 
Case 
VI 
Topping
Out 
Case--
VII 
Modified 
Topping
Out 
o-0°arison 
Electrical TAC-Pow&r 
World's Supply Projections 
25th .2 "Most Probable 
Forecast Case" 3 
le ctrical Output 
(rillions of Kwh)1970 (actual)l1951.83 1. 4 1.54 1.9 
1.54 
1.: 
1.54 
2.00 
1.54 
1.72 
1.5g6
1.6 
1.84 
1.20.0 
2:96 
2975 63 VI 2.99 i.Q6 2-58 2.32 2.77 
1985 
2990 4 
3 
U5.38 
.9 2 .5 3.2 
4:1 
4 
1:962.9 
3.013.16 2.712.99 
5 
System Peak Loads 
( aul ) 
1975 atul 
1975 
1980 
1985 
1990 
275 
370 
66,767 
885 
275 
380 
539 
70 
1,025 
275 
62 
56 
652 
275 
388 
570
,451 11, 
275 
352 
370 
1 
275 
3[7094 
73 
275oul 
6637445i 
51657 
6ol 
661 
g84 
,071,0 
Total Generating 
Capacity 
(millions of kw) 
1970 (actual) 
19751980 
1985 
1990 
327 
813 
1,062 
327 
894 
1,230 
65 
7 3 
27 
1,092 
1,694 
37 
46 
497 
511 
37 
688 
723 
No541 
61 
68 
49'464 
T81 
1,003 
,1 
Institute,
Source of 1970 actual data is "Statistical Year Book of the Electric Utility Industry," Edison Electric 
Excludes non-utility private power plant generation. The values shown in this table are given
Nest York, New York. 
historic perspective in Figures G, H and I. 
2Electrical World, September 15, 1974. 
.
3 Report to the Federal Power CommLission by the Technical Advisory Committee on Power Supply, advisory to the FP0 
in connection with the National Power Survey. 
'4
 do not represent national coincident peak loads and are thereforeArithmetic sum of system peak loads. These figures 
overstated by time zone and seasonal diversities.
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TABLE D.2.2-7. U. S. GROWTH COMPONENTS
 
INSTALLEDGENERATING cROS CONSUMER BUSINESS POPULATION HOUSEHOLDS 
YEAR 
CAPACITY 
TOTAL U. S. 
KW IN MILLIONS 
NATIONAL 
PRODUCT 
BILLION 1974$ 
DISPOSABLE 
INCOME 
BILLION 1974 
CAPITAL 
EXPENDITUIFES 
BILLION 19748 
INDJSTRIAL 
PRODUCTION (1967- 1001 
TOTAL 
EMPLOYMENT 
MILLIONS 
AT 
MID-YEAR 
MILLIONS 
AT 
MID-YEAR 
MILLIONS 
1963 228.7 924.6 614.6 63.1 76.5 67.7 1892 55.6 
1964 
1965 
240.5 
259.5 
975.1 
1,030,7 
6575 
701.i 
712 
81.9 
81.7 
89.2 
S9.3 
71.1 
191.9 
1943 
5.65 
57.7 
1966 266.8 1.104,3 739.7 933 97.9 72.9 1956 5S 6 
1S67 283.2 1.1330 769.7 93.1 1000 74.4 1987 596 
12G6 
1WEB 
310.2 
332. 
1,1857 
1.2176 
804.3 
827.9 
93.4 
91.5 
105.7 
110.7 
759 
77.9 
200.7 
202.7 
61,2 
62.5 
1970 360.3 1,212 4 862 0 99.9 106.6 786 204 9 63.S 
1971 2867 1,205 895.1 971 106 79.1 2070 652 
1072 .4185 1.329 5 937.8 100.7 115.2 81.7 2082 67.1 
1973 452 9 1,411.0 1,0036 108.2 1255 844 210A 68.7 
1974 457.4 1.297.4 979.7 112A 1247 85.9 211.9 702 
FORECAST KWIN MILLIONS BILLION 1974S BILLION 1974S BILLION 1974S PRODUCTION EMPLOYMENT POPULATION HOUSEHOLDS 
1975 
197 
475.7 
506 
1,433.0
1.4032 
975.0 
1.010.0 
116.6 
1212 
1302 
135.5 
87.8 
80.4 
2137 
2154 
71.9 
73.5 
1977 539.6 1,516B 13,40 0 1242 137.2 90.0 217.2 75.1 
1978 
1979 
574.7 
612.0 
1.559.5 
1.6245 
1,076.5 
1.115. 
1238 
1350 
143.5 
149.5 
91.6 
93.2 
219.1 
221.1 
765 
78.1 . 
1980 651 8 1.681.5 1,154.0 140.5 1560 94.8 2230 79.6 
10os 690.9 1,7235 1,186.5 144.7 159.0 95.5 2250 10 
1932 7323 1,7925 1.227.0 150.5 165.5 970 2270 924 
1983 7763 1.8550 1.270.0 156.5 172.0 985 2292 83.8 
1984 8229 1.9200 1,313.0 163.0 179.0 100.0 231.3 85.2 
1985 U74.2 1.9680 1350.0 163.0 lu6.0 100.7 233.3 50 6 
299 1.140.0 2,308 5 1,572 5 202.5 228.0 105.7 243 0 92.5 
ORIGINAE PAGE; IS
 
OF POOR 1,UALYD1
 
TABLE D.3.1-1 
SUMMARY OF COAL .LIQUEFACTION PROCESSES
 
Applications
 
Processes
 
Refinery Feed Low Ash - Low Sulfur
 
Stock Boiler Fuel
 
Fischer Tropsch (South Africa) Commercial
 
COED Pilot Plant
 
Project Gasoline Pilot Plant
 
H-Coal Pilot Plant Pilot Plant
 
Synthoii Developmental Developmental
 
Pamco Pilot Plant
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TABLE D.3.1-2 ANNOUNCED PLANS FOR COAL CONVERSION PLANTS
 
[CA-75,94] 
Controlling Company(s) Site Process Coal Feed, Plant Output, Startup 
tons/day million CF/day Date 
El Paso Natural Gas Co. Four Corners Area Lurgi gasification 28,250 288 
New Mexico with methanation 
Texas Eastern Transmission 
Corp. and Pacific Lighting 
Four Corners Area 
New Mexico 
Lurgi gasification 
with methanation 
102,500 1000 
(4 plants) 
1978 
Corp. (Utah International Corp.) 
Panhandle Eastern Pipe Eastern Wyoming Lurgi gasification 25,000 270 1978-80 
Line Co. (Peabody Coal Co.) with methanation 
Natural Gas Pipeline Co. Dunn County, Lurgi gasification 108,500 1000 1982 
of America North Dakota with methanation (4mines) (4plants) 
American Natural Gas Co. Beulah-Hazen Area, 1000 
(North American Coal Corp.) North Dakota (4plants) 
Northern Natural Gas Co., Powder River Basin 1000 1979-80 
Cities Service Gas Co. Montana (4 plants) 
Texas Gas Transmission Corp. Western Kentucky 80 
(Consolidation Coal Co.) 
Colorado Interstate Gas Southeast Montana 25,000 250 
Corp. (Westmoreland Coal Co.) 
The Columbia Gas System, Inc. Illinois 300 
Consolidated Natural Gas Co. Southwest 
Pennsylvania 
Pennsylvania Gas and Water Co. Pennsylvania HYGAS or similar 5,000 80 
Southern Natural Gas Co. Illinois 250 
Texas Eastern Transmission Southern Illinois 250 
Corp. (Peabody Coal Co.) 
Panhandle Eastern Pipe 
Line Co, (Peabody Coal Co.) 
Southern Illinois Lurgi gasification 
with methanation 
Cameron Engineers and Ma 
Marathon Oil Co. 
Colorado 25,000 plus 
sewage sludge 
250 19B1 
Northern Illinois Gas Co. 
and the State of Illinois 
Illinois COED plus char 
gasification 
10,000 80 
(plus 10,000 
bbl/day syncrude) 19BO 
Union Carbide Corp. and 
General Tire & Rubber Co. 
Union Carbide 2,600 22 -
(plus 3,900 
bbl/day syncrude)1979 
Commonwealth Edison Co. 
and Electric Power Research 
Pekin, Illinois Lurgi gasification 1,400 192 
(low-BTU gas) 1976 
Institute 
0 1ZGD PAOR 18 
%1POOR QUALM, 
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Costs of the Lurgi process had been projected to run between t.90 to
 $1.25 per million BTU for low BTU gas and between $1.00 and $1.50 per

million BTU for high BTU gas. More recent cost estimates for high BTU gas
 
run between $2.50 to $3.50 per million BTUO
 
Oil Shale
 
Oil shale constitutes one of the most abundant fossil energy resources
 
in the United States. The basic organic constituent of shale is kerogen

which when heated to 900°F breaks down to form 60% oil, high innitrogen

and sulphur, about 9% fuel gas and perhaps 25% coke-like solid. Recovery
 
rates are on the order of 15-20 gallons per ton. [Stoker-751
 
Although oil shale occurs in some 30 states, only the Green River
 
Formation, located in Colorado, Wyoming, and Utah are
 
expected to be commercially developable at this time. The potential

here is about 600 billion barrels, enough to supply the U. S. oil needs
 
for the next 100 years at 1975 levels. Recovery is possible through mining

by either surface or underground methods and by in situ processes.
 
The Bureau of Mines, Oil Shale Corporation and Union Oil Company of
 
California have developed surface methods of retorting shale oil. All
 
processes to be cost effective will require maximum heat recovery. It
 
will also be necessary to keep water use to a minimum since oil shale is
 
located in water poor areas. Investigations are now underway by Occidental
 
Oil Shale Inc. to determine the feasibility of in situ recovery. Occidental
 
has been optimistic. The company has testified before Congress that
 
ifpermit problems are resolved, and progress proceeds at a reasonable pace,

the method could yield 30,000 bbl/day by 1976 or 1977 and 1 million bbl/day

by 1980. The process involves conventional mining, drilling and rubblizing

by explosives. Retorting is accomplished by underground burners. Two
 
problems will have to be overcome to insure success of in situ methods:
 
(1)permeability impediments inhibiting the passage of oil and gas will have
 
to be resolved; (2)better control of the process than that achieved by the
 
Bureau of Mines will be necessary.
 
Various estimates now exist for the cost of oil derived from shale.
 
It appears however that a minimum requirement for economic feasibility is
 
a market price of $7.00/bbl of oil. [PI-74] At prices below this number,
 
shale oil will not be able to compete.
 
Solid Wastes Conversion
 
Three methods for converting solid wastes to a more suitable energy form
 
are currently being investigated: pyrolysis, digestion, and methane
 
recovery from landfills. All methods have the advantage of reducing
 
waste disposal problems and provide an opportunity for the recycling of
 
glass and metal. Pyrolysis and digestion abrograte many land use
 
problems associated with waste disposal and show a marked reduction in
 
air and water pollution when compared to open burning.
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Pyrolytic conversion basically involves the destructive distillation
 
of predominantly solid organic waste. Oil, synthetic natural qas, carbon
 
monoxide and char are possible products. An average pound of raw waste
 
(before removal of glass and metal) has a heat value of 5000 BTU.
 
Pyrolytic conversions are capable of recovering 60% to 70% of this value.
 
Three pyrolysis processes are ready for commercialization at present;

The Garrett Process (Occidental Petroleum), The Monsanto Langard Process,

and The Union Carbide PUROX Process. Garrett's recovery method produces
 
a fuel oil and provides for metal and glass recovery. The Langard
 
process can produce either steam or fuel gas but does not have provisions

for aluminum separation. The PUROX process utilizes concentrated oxygen
 
gas to convert solid waste to a clean fuel gas averaging about 300 BTU/scf:
 
no resource recovery is anticipated at this time.
 
Technological difficulties generally associated with pyrolytic

conversion are no longer serious. The primary areas of concern (depending
 
upon the process involved) are the presence of chlorine (from plastics)

which gives rise to corrosion, preparation of waste (including separation
 
of glass and metals) for processing, and providing a steady supply of
 
waste to the conversion system.
 
Preliminary cost evaluations of each process have been made. [SRI-74]

Indications are that PUROX may be cost effective. Including all aspects, siting,

construction (amortized over a 20 year period @ 6%), collections, and dis­
posal, a PUROX based system should realize a return of about 12t per ton of
 
waste processed. This, of course, will vary depending upon the size of
 
actual operation and the market price of natural gas.
 
Under anerobic conditions it is possible to generate from organic

materials high quality methane. Digestion has the advantage of being

compatible with both solid and liquid (sewage) sources. The process is
 
natural but unfortunately occurs at a slow rate. Productivity can be
 
increased by temperature control. The rate of bacteriologic degradation

decreases over time so that complete digestion is uneconomical. Some
 
means of enrichment or biologic control to improve production seems
 
indicated.
 
ERDA has recently awarded a contract to the Waste Management Corpora­
tion to construct a demonstration plant in Pompano Beach, Florida. Waste
 
Management anticipates a processing time of five days. It is expected

that about 30% recovery will be possible in that short period (i.e.,

approximately 1500 BTU of NH4/lb. waste materials). The effluent sludge

has potential for agricultural application. Cost factors are not yet clear.
 
A capital investment of $2 - $2.4 million will provide a 100 to 200 ton
 
capacity plant (roughly 100 x 106 BTU/day).
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Proposals have been made to recover methane produced by bacteriologic
 
action from existing landfills by drilling. A more recent suggestion has
 
been made to design future landfill operations so that this source of
 
energy may be exploited more readily. Only a modicum of success has been
 
met to date, but potential prospects are being investigated. A study con­
ducted in the San Francisco Bay area indicates the possibility of recovery
 
of 20.9 MM scf/day of 500 BTU/scf gas (=1,750 EBOPD) from existing land­
fill sites. [VanZee-74]
 
D.3.2 ELECTRIC POWER
 
D.3.2.1 TYPES OF FUEL
 
Nuclear Fuel
 
The fuels used in electric power generation in nuclear systems being

developed included fission as well as fusion materials.
 
The advance-fission reactor concepts under development at the present
 
in the United States all fall within the breeder or converter category.
 
For the fast fission breeder reactor the fuel cycle is based on plutonium
 
and natural or depleted uranium. The thermal breeder reactor uses thorium
 
as the fertile material and uranium-233 of the fissile-fuel. Oxides of
 
these fuels are usually fabricated as sintered pellets or contained in
 
ceramic materials.
 
Inthe fusion reactor the basic processes for producing a controlled
 
thermonuclear reaction are the deuterium-tritium and deuterium-deuterium
 
reactions. Deuterium,the basic fuel, is universally obtainable from water,
 
is virtually unexhaustible, and is obtained at a negligible cost.
 
Geothermal
 
The origin of geothermal heat is primarily primeval; to a lesser extent
 
itresults from radioactive decay and frictional forces within the earth's
 
mantle. Normal heat transfer to the surface isby conduction; although, per­
haps 1% of the total arrives by convection through volcanoes and hot water
 
springs. High quality geothermal heat isconfined to the Western third of
 
the continental United States, Alaska, and Hawaii. Geothermal heat
 
is found in four forms; hot rock, steam, hot water, and magma. Hot
 
rock and magma formations offer the greatest energy potential but are simulta­
neously the least understood in terms of potential conversion.
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Solar Energy and Derivatives
 
The potential for recovery of energy from direct insolation isenormous;
 
sunlight supplies the U. S. with about 5.0 x 1019 BTU annually. Hence, with
 
100% recovery efficiency, the present United States energy needs could be sup­
plied from only 1% of its land area. Proposals have been made to derive energy
 
from direct insolation and by indirect techniques such as wind, photo-synthe­
sis, ocean thermal gradients, ocean currents, and waves.
 
Wind technology represents one of the oldest, best understood conversion
 
methods. Surface winds are produced predominantly by uneven heating of the
 
earth and occur in most areas on a highly predictable basis. Areas of ex­
tremely high wind utilization potential are the Aleutian Chain areas off the
 
coast of New England and south to Charleston, the Texas Gulf coast, and large
 
parts of the Great Plains.
 
Throughout most areas of the world's oceans a distinguishable temperature
 
difference (thermal gradient) exists above and below a roughly defined, oscil­
ating layer of water called the thermocline. At the surface, water warmed by
 
the sun flows towards the polar regions of the earth. Cooler water flows in
 
an opposite direction at the lower level. Within tropical latitudes ocean
 
thermal gradients remain relatively constant at about 350 F. D'Arsonnal, as
 
early as 1881 suggested utilizing the thermocline differences for energy ex­
traction. Unlike direct solar and wind systems, the ocean contains a perpet­
ual reserve; hence outages due to availability at the source do not constit­
ute a difficulty.
 
Solar insolation also provides the energy necessary to produce ocean
 
waves and marine currents. Both have been recommended as a source of
 
electrical conversion. Wave systems located off shore would utilize huoyant

devices to drive generators through hydraulic or mechanical linkages. Ocean
 
current systems would employ large, submerged turbines to drive generators.

To date no sound empirical data has been provided for these concepts and it
 
isdoubtful that either could be utilized within the near term.
 
Wastes, Source
 
The total amount of waste generated from urban, agricultural, and forest
 
sources i$ estimated to be 945 million tons with an energy content of roughly
 
2.18 x io5 BTU [NAS-74]. Expectations of recovery capabilities range from
 
20% to 50% depending upon the effort devoted to collection. Urban waste coll­
ection methods have already been establishe&, so for exploitation of this
 
source only organizational cooperation isrequired. Over 50% of the Nation's
 
waste resources derive from agriculture; 20% of the total comes directly from
 
animal waste. There is not only a need but with the potential for energy re­
covery, an incentive to utilize feed lot wastes for its energy content. Dir­
ect burning is the most efficient way to recover the potential 5000 BTU (avg)
 
/Ilb in solid wastes.
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D.3.2.2 TYPES OF CONVERSION
 
Oil and Coal Fired
 
The cost of fuel has historically represented a major cost of electrical
 
utilities so that there has been a continual push toward ever improved
 
efficiencies. The average efficiency of fossil fuel plants has risen from
 
around 13% in1925 to about 33% in 1970. A distinct pause occurred in
 
the generation efficiency in the 1960's. Fisher attributes much of this
 
to unforeseen construction delays leading to overutilization of low
 
efficiency peaking units. [Fisher-74, 951 In any case, units having
 
efficiencies of around 37% are commonplace within industry today.
 
Large modern power plants utilizing fossil fuels use gas turbines,
 
steam turbines or combined cycle units, ranked in order of increasing
 
efficiency. Typical heat rates are 10,500 BTU/kw-hr, 9200 BTU/kw hr,
 
and 7500 BTU/kw hr respectively. [Power-S.8].
 
Orders for 1974 are reported to have decreased sionificantlv from previous
 
years for gas turbines. Factors leadinq to this decrease include: (I Potential
 
unavailability of natural gas or liquid petroleum fuels, (2) Anticipated
 
high costs of petroleum fuels and (3) A reduction in rate of load growth
 
experienced by some utilities [Power'- 74 14]. Interms of energy
 
conservation this trend is generally beneficial, not only are gas turbines
 
less efficient than fossil steam plants, but also tend to require the
 
more scarce fuels.
 
The same factors which have led to a reduction in gas turbine
 
installations have also plagued the sales of combined cycle plants.
 
After selqing a number of these units in 1971-1972, the industry has seen
 
a marked slump in sales with only one unit sold in 1974 [Power - 74,8].
 
This is particularly detrimental in a developing industry where signifi­
cant operating experience is important to establish the new technology.
 
Moreover, technological-developments are anticipated at a relatively
 
rapid rate in such industries and orderly development is impeded by
 
such events. While the combined cycle units do utilize the more scarce
 
liquid and gaseous fossil fuels, they offer a significant long term advantage
 
in increased thermal efficiency. The Office of Coal Research has recently
 
funded a $9million contract to build and operate a combined cycle
 
plant in conjunction with a low BTU coal gasification project. This
 
approach promises a number of advantages over existing units [EW - April
 
75,371. Not only would it be capable of utilizing the more abundant
 
coal, but the high thermal efficiency would reduce demands on mining and
 
rail transport expansion. Decreased thermal pollution would be
 
additional important benefit.
 
The fossil fueled steam turbine plant forms the backbone of the
 
electrical industry today. The units have a long history of development
 
and have today achieved a proven record of high efficiency, high
 
reliability operation. Much of the historical improvement has come
 
about through increases in the steam temperature and pressure. The
 
first turbine using superheated steam operated at a temperature of 513°F
 
and a pressure of 200 psi. Current advanced units are designed to
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temperatures of l050F and pressures of 3500 psi.
 
The gradual transition from the lower efficiency 2400 psi unit to the
 
higher efficiency 3500 psi unit is seen in Figure D.3.2-l. This transition,
 
as noted by the dip in 3500 psi units around 1970, appears irregular at
 
times. This is attributed to a temporary disenchantment when itwas
 
discovered that the supercritical units were plagued with reliability

problems. As noted in Figure D.3.2-2, the forced outage rate for the super­
critical pressure units is significantly above the average for all power

plants. This causes a significant fixed costs penalty for such units;
 
not only are they more expensive to build but a more extensive back-up

system is required to accommodate unexpected outages. Similar problems
 
are encountered with high temperature units. Forced outages, for the
 
11000F units are seen ihiFigure 0.3.2- 3 to be well above the lower temperature

units.
 
In view of the tendency toward high efficiency units prior to the
 
OPEC price action it might be anticipated that increased fuel costs
 
would provide a substantial impetus in this direction. Surprisingly
 
no such trend has been observed. Major manufacturers report'a tendency

toward larger sized units to achieve an economy of scale but no detect­
able trend toward higher efficiency cycles [Heyburn - 75]. Ifany­
thing, the largest manufacturer of fossil fired plants reports a decrease
 
in supercritical unit sales [Tully - 75]. Market uncertainty and current
 
economic conditions have upset much of the utility planning so that an
 
additional time lag will be required to determine long range trends.
 
Nuclear
 
The Energy Research and Development Administration (ERDA) is
 
developing several types of breeder reactors: 1) the molten salt
 
breeder, 2) the light-water breeder, 3) the gas cooled fast breeder,
 
and 4) the Liquid Metal Fast Breeder Reactor (LMFBR). However, the
 
LMFBR program has the highest priority development effort. The LMFBR
 
was chosen over the other breeder concepts because 1) its potential

favorable performance, 2) interest and support by reactor manufacturers
 
and electric utilities, 3) the amount of base technology and operating

experience already available, and 4) proven basic feasibility. [JCAE-75]
 
The breeder reactor concept is based on the principle that it
 
produces more fuel than it consumes. Since the reactor is fueled with
 
plutonium and natural or depleted uranium, no enrichment isrequired,

and results in significant savings in direct enrichment costs and the
 
capital costs of building enrichment plants. LMFBR's are insensitive
 
to the cost of uranium fuel; thus, they stabilize the cost of power
 
generation.
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Alluding to problems in the areas of reactor safety, safeguards,
 
health effects, and waste management, ERDA officials are reassessing
 
the desirability of placing the breeder in wide commercial-use. [NI-75J
 
Although the recommended funding level for the LMFBR program has been
 
scaled down, Research and Development will continue, in particular,
 
with the Clinch River Breeder Reactor demonstration plant. Thus, the
 
time frame for the commercial breeder reactor is in the next century.
 
Recent developments in fusion power research have led to the
 
reassessment of the entire program. NRC feels that if adequate funding
 
is provided the fusion program is in a position to proceed with large
 
D-T fueled Physics Test Reactors at an earlier time than previously
 
projected. A future fusion power demonstration plant is expected
 
during 1995. EDean-74]
 
Fuel Cell
 
Fuel cells are electrochemical devices which directly convert hydrogen
 
or hydrocarbon fuels into direct current electricity. Some hydrocarbon
 
systems employ reformer processes at an intermediate state. For alternating
 
current applications an inverter would be necessary. A variety of catalysts
 
are possible to effect conversion, but platinum appears to be the best
 
alternative.
 
At present only one company, United Technology, is actively engaged in
 
the development of the fuel cell. Expectations of 26 MW commercial units
 
by 1979 are indicated if sufficient development funds are available. Most
 
of the technological difficulties seem capable of resolution. What impedi­
ments exist do so because of utility companies' demand for a reliable unit;
 
hence reliability, not feasibility is the immediate concern. The advantages
 
which fuel cells offer are impressive:
 
Very low pollution potential
 
Quiet operation
 
Can be located at or near the point where current is utilized
 
Operate with high efficiency at reduced load levels
 
Have excellent prospects for load leveling
 
Vitiate the need for standby spinning reserves
 
(because of instantaneous load factor response)
 
Facilitate transmission and reduce losses
 
Require minimal maintenance.
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In spite of these advantages, fuel cells operate at only slightly great­
er efficiency (about 40%) than conventional oil fired units; they.do, however,
 
offer excellent opportunity for heat recovery from cooling fluid. Cost
 
figures are relatively clear but not yet certain. Expectations are that they

they will be in the vicinity of $220 to $240 per KWh capacity. [Podolny-75]

Unfortunately, capitalization difficulties now being encountered by utility

companies prohibit further extensive participation in the development of
 
fuel cells. Emphasis on non-petroleum sources has tempered government interest
 
in the program.
 
Geothermal Process
 
Although steam fields are generally considered to be of two types, wet
 
and dry, what Js frequently encountered falls somewhere between these two ex­
tremes. Basically, dry steam sources, while occuring less frequently (by a
 
factor of 1/20) than wet steam, have the advantage of being cleaner insofar
 
as they neither contain great amounts of corrosive, dissolved salts nor in­
volve the disposal problem of waste water laden with mineral contaminants.
 
Dry steam sources are usually lower pressure, higher temperature than the wet
 
variety. Systems employing either of these sources would have generally the
 
same design; that is,they would be coupled through a desalter and/or steam
 
separator to a turbogenerator. Because of the greater concentration of dis­
solved salts (-25% by wgt.) inwetter steam, separation and desalination
 
would require greater expenditures. Some recommendations for the employment

of heat exchanges have been suggested, but further investigation, with regard
 
to both materials and mineral scaling, are indicated. Lawrence Livermore
 
Laboratories is now working on its total flow method which would utilize both
 
the steam and the liquid brine. A 60% overall increase in efficiency is
 
their goal. Efficiencies of 12% from steam alone to 18% using total flow
 
seem likely.
 
Hot rock sources would require the introduction of surface water through
 
auxiliary wells. Fracturing of the rock by explosives or hydraulic pressure
 
are a necessary prerequisite to increase the exposed area of rock. Very like­
ly hot rock systems will encounter the same technological and material prob­
lems as steam systems. A relatively clean supply of water must be assured,
 
or an adequate water recovery system must be included in the design. Since
 
hot rock fields require drilling to great depths (as much as 50,000 ft.),
 
some improvements in drilling technology will be required and fluid friction­
al losses due to these great depths may prove problematic.
 
Known costs for dry steam are now inthe vicinity of $500 KWe capacity.

Hydrothermal processes are expected to be more, but estimates run from as
 
low as $600/KWe to a high of $1400/KWe.
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Solar, Direct Conversion
 
Although excellent for low temperature (e.g. heating) applications,

the energy indirect sunlight does not seem to offer immediate prospects
 
for the economical production of electricity. Photovoltaic conversion
 
appears to be well in the future. Costs, due to material requirements,
 
manufacturing techniques, and low conversion efficiencies are primary
 
factors. More highly efficient solar thermal schemes utilizing focusing
 
or reflecting concentrators in conjunction with an absorber transferring
 
collected energy through a working fluid to a turbine have been suggested
 
but are only at the conceptual design stage. Outstanding problems remain
 
to be solved. Materials capable of withstanding extreme, rapid tempera­
ture changes resulting from insolation variations will have to be found
 
for the absorbers. Highly efficient, stable selective surfaces remain
 
a difficulty. Other factors to be decided are the types of working

fluid, and whether storage isto be provided to supply current during

solar outages.
 
Cost figures at the moment are largely unavailable. With present

batch processes, photovoltaic would require approximately $20,000 - $30,000
 
KWe (peak). Capital investment estimates for solar central generation of
 
3 to 5 times higher than conventional fossil fuel plants are the most
 
recent [Spencer-75] but realistic figures will have to await operational
 
programs. The U. S. Government intends to build a 10 MW central receiver
 
pilot plant by 1980 which should provide cost as well as technical informa­
tion.
 
Solar, Wind
 
Conversion is straightforward. Wind driven propellers are connected
 
to a dynamo either mechanically or through a hydraulic system. Both
 
horizontal and vertical type systems are being studied. Technological
 
considerations for the most part are concerned with determining system
 
efficiency. Construction costs and material seem to indicate the supe­
riority of the two blade vertical design.
 
Feasibility studies are presently in the early stages. G.E. Reports
 
a bus-bar cost of I 1/2*/KWh. [Johnson-75J Construction costs have been
 
estimated in the neighborhood of $250 - $1000/KWe capacity, reflecting
 
dependency-uponwind velocity and consistency.
 
Solar, Thermal Gradients
 
Present theoretical design parameters for extracting energy from
 
thermal gradients envisage a vertical generating plant utilizing an
 
absorber which extracts heat energy from above the thermocline. This
 
is transferred to a working fluid-(possibly ammonia), passed through
 
a turbine generator and rejected by a condensor below the thermocline.
 
At this point the working fluid is liquefied and returned by a pump to
 
the absorber.
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A number of questions remain to be answered. Although some investi­
gations and feasibility studies are available which optimistically anti­
cipate a life expectancy of 100 years [Lockheed - 75], both technological and
 
materials problems are likely to arise. Lockheed claims that it could
 
have a full scale demonstration plant, over 1500 ft. in length, producing

160 MW in operation by 1981 providing bus-bar electricity at a cost of
 
21.5 to 23 mills/kwh. (All cost and time factors considered). The com­
pany has not provided information on transmission difficulties.
 
The most recent study undertaken by Lockheed has estimated investment
 
costs to be in the vicinity of $1,350 - $2,594 per KW depending upon the
 
types of materials used. Itshould be emphasized that no empirical basis
 
exists for this statement.
 
Electricity from Waste
 
A variety of proposals for direct combustion of municipal solid wastes
 
to generate electricity are now under study. The city of St. Louis in
 
conjunction with the Union Electric Co. has had an operational system since
 
1972. Most proposals involve some separation process (ferrous metals, non­
ferrous metals, glass, etc.) prior to feeding combustible solids to a boiler
 
furnace. Some of the major problems being encountered in proposed and
 
existing systems are related to costs of separation, corrosion of boilers
 
(largely due to PVC gasses), and high particulate emissions. Other plans
 
which call for pyrolytic conversion of waste materials (see Section D.3.1)
 
offer unique advantages.
 
D.3.2.3 ELECTRICITY TRANSMISSION AND DISTRIBUTION [EPRI-75], [WE-64], [ERC-71]
 
Introduction:
 
The required capital expenditures per year between 1974 and 1990
 
for T&D expansion will more than double if the utility industry keeps
 
pace with the demand for electric power. Historically, the industry

has been able to double insize every decade without difficulty. This
 
has been accomplished maihly by utilizing components with larger capacities
 
and higher voltage levels.-

Goals in transmission and distribution lie in the.following classes:
 
Bulk power transmission
 
Tools and techniques
 
Aesthetics and compactness
 
System security and control
 
Test facilities
 
Transport of electric energy must be accomplished : (i)reliably,
 
(ii)at a reasonable cost, (iii) and with minimum environmental impact.
 
In transmission the trend has been a shift from 69 thru 138 KV lines
 
to 242 thru 765 KV (EHV) and for the future to 1200 KV lines (UHV). DC
 
transmission has become attractive and will become a major factor after
 
1985. Underground installations have been increasing and should continue
 
as changing technologies become available.
 
Distribution trends have been from 5 KV classes of circuit to 15 KV
 
and for the future will increase to 16 KV classes. Public pressure and
 
legislation have also increased the percentage of new construction
 
installed underground up to 60% or more.
 
Figure D.3.2-4 shows the transmission facilities of the U. S. after
 
being grouped.
 
AC Overhead Transmission
 
Our most reliable and economical means of transferring large blocks
 
or power within a power system, between power systems, and between geo­
graphical areas continues to beAC overhead transmission. With increasing

reliability, it has become possible to transmit larger blocks of power
 
without a corresponding increase inspace requirements or in cost. It is
 
apparent that there is a need not only-for higher voltage levels, improved
 
appearance, and better utilization of land, but also for the solution of
 
problems at present voltage levels, such as corona, noise, conductor move­
ment (galloping, vibration) and insulation. Reliable, safe and low cost
 
AC overhead transmission is expected to expand in such a way to insure public
 
acceptance, with minimal impact on the environment, and without a proportion­
ate increase in the right-bf-way requirements.
 
AC Underground Transmission
 
Underground R & D efforts lie in,the following areas:
 
Development of Cable Test Facilities (special interest in
 
simulating the aging effects);
 
Compiessed Gas (usually sulfur hexaflouride) insulated
 
cables:
 
Cable consisting of a conductor held concentrically by
 
insulators in a gas-filled pip, attractive for their
 
simplicity and low capital investment required for
 
manufacturing. Their losses are considerably less than
 
any other presently available underground tra-nsmission
 
systems;
 
345 KV 
I -­
800 KV DC I 
500 KV 765 KV 
345 KV 345 Kv 
'\500 KV 
FIGURE D.3.2-4. HIGHEST EHV TRANSMISSION VOLTAGES IN USE OR AUTHORIZED
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Producing lower cost cable joints and new methods for
 
fabricating and repairing joints;
 
Finding improved dielectric materials to be used with or
 
in place of cellulose tape in Taped-Cable;
 
Solid High Voltage Dielectric cables produced by extruding
 
the insulation;
 
Forced Cooling Cables: power rating can probably be doubled
 
at a competitive cost with a cable designed for higher rating
 
without cooling. Refrigeration stations are required at
 
intervals along the line to cool the oil.
 
Cryogenic and Superconducting transmission materials operated
 
at temperature below 22°K offer negligible resistance to the
 
passage of electric current. Cryogenic and superconducting
 
cables are being developed with rated capacities on the
 
order of 1000 to 10,000 MVA. This appears to be the souhd
 
long term solution of transmitting electric power, both
 
from an economic and'environmental point of view. The
 
goal is to solve the problem of carrying higher power
 
density, with lower losses, over greater distances.
 
Cooling is suggested by liquid nitrogen, hydrogen and helium. There
 
is high cost involved in refrigerating the lines to low temperatures. A
 
parameter that is usually used for comrarative studies is the Refrigeration
 
Ratio defined as refrigeration 1oad/IlR transmission loss. Hydrogen may
 
offer a better compromise between the advantages of low temperature and the
 
costs of cooling.
 
DC Transmission
 
The capability to build a point to point DC transmission line is
 
available, but refinement and operating experience of this technology
 
with its hardware development isrequired. Emphasis is on provid­
ing design parameters for transmission lines with capacities up
 
to 2000 MW. Basic work isrequired to evaluate DC lines with capacities
 
equivalent to AC voltages up to 1500 KV to evaluate insulation require­
ments, effects of UHV fields as well as such factors as audible
 
noise, radio and telephone interference factors. Improvements are also
 
required in present day converter equipment. With the problem of
 
space in the hearts of urban areas, research is needed to minaturize
 
converter terminals (using solid-state technology).
 
It DC lines are to be widely applied and they are to be tapped,
 
successful DC circuit breakers must be developed.
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Distribution
 
Distribution must go underground in both urban and suburban
 
areas. Reliable and economical underground equipment (especially

transformers and switching devices) is needed. Low cost, long life,
 
direct buried, transformers and capacitors are high on the list of
 
needs. Development of smaller and more compact high capacity substation
 
equipment will improve the acceptability of substations in urban
 
residential areas. The development of remote meter reading, data logging'
 
alarm and control systems,,as well as economical communication systems
 
will be necessarv, Installation of underground cables requires

improved trenching methods as well as techniques for tapping energized
 
primary cables safely. This will fulfill fast, low cost installation
 
and maintenance of underground cable systems.
 
D.3.3 ENERGY STORAGE SYSTEMS
 
Electric utility experience with pumped hydro storage has demon­
strated that large-scale storage of energy can result in significant
 
operating and economic advantages for electric power systems. These
 
advantages, and the potential for conservation of scarce, high quality

fossil fuels, have generated much interest in a number of concepts that
 
appear to broaden the applicability and increase the usefulness of-energy
 
storage.
 
The basic dilemma for most electric utilities is a marked daily, weekly

and seasonal variation in demand of electric power. Thus, a utility must
 
generate power economically, over a large swing of the electric load; at
 
the same time, its generating capacity must be large enough to satisfy the
 
maximum demand plus, for reliability, the requirement of a sizeable system
 
reserve.
 
Base load plants are used to serve the part of the system load that
 
continues for 24 hours a day throughout most of the year. These are
 
designed to operate with the highest level of efficiency and reliability on
 
the least expensive fuels. Base load generation isnow served primarily by

modern fossil steam plants; nuclear steam plants will serve an increasing
 
fraction of the base load.
 
The intermediate load range, which comprises the broad daily demand
 
peak of a typical utility, is served by several different types of
 
generating equipment. This equipment comprises-typically a utility's
 
older, less efficient fossil steam plants and gas turbines.
 
The peak load demand which may range from a few hours to perhaps 10
 
hours a day is usually satisfied by a system's oldest and -least efficient
 
fossil steam plant and increasingly by gas turbines.
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Sharply increased fuel prices create a heavy penalty for older,
 
inefficient equipment, and natural gas as well as high quality distillate
 
fuels are becoming less available and more costly. Thus incentives are
 
growing rapidly to use base load plants to also provide the electric
 
energy now generated by peaking and intermediate equipment -- an approach

that requires storage of off-peak energy generated by base load plants.

The use of energy storage in "peak shaving" is discussed in Chapter 10.2.3.1.
 
Energy storage systems must however meet utility type standards of
 
requirements for operating life, reliability, safety and environmental com­
patibility of generating equipment. Moreover, the total annual cost of
 
electric energy obtained from energy storage systems must be equal or less
 
than the cost of energy from non-storage equipment used for peaking.
 
Energy storage can take any of the following forms: thermal, mechani­
cal, pumped hydraulic and compressed air storage systems, storage of liquid

petroleum, natural gas storage, storage of synthetic fuels, chemical and
 
electromagnetic storage. InSection D.3.4 hydrogen and its storage
 
are examined as an ecpellent example of chemical energy storage.
 
Energy can be stored thermally by heating, melting or evaporating
 
materials. Energy storage by heating materials to elevated temperatures
 
is known as sensible heat storage. Energy may be stored inthe form of
 
latent heat by heat transfer to materials during a phase change for solid
 
to liquid or from liquid to gas. A bed of crushed stones is a low cost
 
storage medium. Water is an excellent example for sensible heat storage be­
low temperatures of 212 0F. Materials that are suitable for latent heat stor­
age of energy are: calcium chloride hexahydrate, sodium hydroxide, lithium
 
nitrate, lithium hydroxide and sodium fluoride.
 
Mechanical energy storage can be achieved by a flywheel,

The potter's wheel is an example of energy storage ina flywtheel.
 
Shape factor is a term usually used and isa function of
 
the rotor geometry and the flywheel material deformation. Shape factor is
 
dimensionless and has a range from 0 to 1. Available energy from fly­
wheel energy storage system is a function of the operating speed ratio
 
which is defined to be the ratio of the highest operating speed to the
 
lowest operating speed. The term superflywheel is used for flywheels
 
constructed from materials such as Eglass, carbon fiber, etc. These
 
materials have higher maximum tensile strength per unit mass than materials
 
such as aluminum and steel. Applications of energy storing superflywheels
 
may involve land transportation systems (golf carts, autos, busses), power

supplies ranging from emergency power supplies for hospitals to electric
 
power peaking capability for utilities, and in aircraft, watercraft and
 
spacecraft.
 
D-61 
Fluid mechanical storage systems include'storage in the gravitational

potential of a liquid (pumped hydro storage), or inthe compression of a
 
gas or vapor (air, steam). Pumped hydroelectric storage is presently the
 
only type of energy storage in use in utility systems; these hydro systems

typically achieve energy efficiencies of about 65%. Compressed-air energy
 
storage comprising the use of off-peak generation to compress air for
 
peak period use in turbine generators is receiving increased attention.
 
During periods of peak demand, the compressed air would be used with an
 
appropriate fuel to fire a turbine. High temperature steam storage for
 
use with conventional steam turbine generators is conceptually similar to
 
compressed air storage. Steam storage exhibits a relatively high energy

density and this implies that storage in steel tanks may be economically

competitive. Underground pumped hydro storage is another fluid mechanical
 
energy storage concept. The Operation would be analogous to that of
 
conventional pumped hydro storage facilities. The ]ower reservoir would
 
however consist of a subterranean cavern while the upper reservoir could
 
be either above or below ground.
 
Batteries are considered a special case of chemical storage where
 
initial conversion, storage and reconversion are combined in a single

device. Greater attention is now being focused on the possible use of
 
batteries for bulk energy storage in utility systems and for electric
 
cars,
 
Lead-acid batteries might become an important example of this
 
approach if an advanced technology capable of long cycle life can be
 
developed around cell designs that minimize lead requirements and can be
 
produced inexpensively in volume. Technically and economically feasible
 
lead-acid batteries for utility applications could conceivably become
 
commercially available in about 4-5 years.
 
Research and development are progressing not only in lead-acid
 
batteries but also in zinc-chlorine, sodium sulfur, lithium-iron sulfide
 
batteries. An assessment of the potential of each battery type for
 
utility energy storage is required. Emphasis is focused also on completing
 
a feasibility study of a battery storage test (BEST) facility.
 
D.3.4 HYDROGEN: AN ALTERNATIVE FUEL
 
Hydrogen is an excellent candidate in the search for acceptable
 
permanent energy sources that meet most of the obvious requirements for
 
universal application in the energy consumption industries. Since it
 
can be produced from water, it is everywhere available. It is an
 
exceptionally clean fuel. When it burns in air, with very high energy

release per unit mass, the only major reaction product formed iswater.
 
Hydrogen is an easily manageable fuel and is superior to natural gas
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and oil inmany engine-combustion-applications. The single important
 
drawback isconcerned with storage because the energy content per unit
 
volume for hydrogen gas is very low and because the handling costs for
 
highly compressed gases or for cryogenic storage facilities may turn
 
out to be very high.
 
The extent and time scale on which hydrogen will ultimately become
 
a primary fuel is largely dependent on price developments for its
 
production, distribution, and application, in relation to price develop­
ments for competing fuels and energy sources. A 1973 evaluation of prices
 
is given below in Table D.3.4-1 on 1970 data (Federal Power Commission).
 
Hydrogen Production
 
Production of hydrogen as stated above will be from water using
 
energy sources such as the sun or nuclear reactors. Nuclear reactors
 
may be used to generate electricity, which may be then employed in the
 
electrolysis of water. Alternatively, nuclear energy may be used to
 
support a sequence of reactions at temperatures below 10000K which is
 
referred to as "thermochemical" manufacture of hydrogen. Figure D.3.4-1
 
illustrates design of a nuclear-reactor based hydrogen economy. EPenner-75]
 
Industrial water electrolyzers range in output from 500 ft3/d
 
to more than 40 x 106, with the largest unit located near hydroelectric
 
installations where hydrogen is produced for the manufacture of synthetic
 
nitrogen fertilizers. Commercial cells used inwater electrolysis are
 
either unipolar with each electrode serving as either an anode or cathode
 
or bipolar with each side of a flat electrode serving as either an anode
 
or a cathode. On the other hand, commercial procedure for the thermo­
chemical water decomposition are not yet available; therefore, a definitive
 
cost assessment for hydrogen production by application of these techniques
 
can not yet be made. However, it is possible tbat the best thermochemical
 
cycle will yield hydrogen at less than $2.00/10D BTU.
 
Hydrogen Transmission and Distribution
 
Hydrogen will be produced and ultimately used as a gas. The
 
manner in which hydrogen is transmitted from the producer to the user
 
will be one of the more important factors to consider inthe overall
 
economy of hydrogen fuel system. The most economical way to supply
 
the bulk of the hydrogen fuel will be by gas pipeline. Thus, the
 
hydrogen will be distributed in the same form as it is produced and
 
eventually used. If gaseous hydrogen is converted to other energy
 
forms for transmission, the overall efficiency of the fuel system
 
will be reduced, since each conversion will require an additional
 
energy input.
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TABLE D.3.4-1. COST DISTRIBUTION
 
IFederal Power Cogruission]
 
ElIec~rol t lICOST COMPONENT Electricity Natural Gas, prou yro en
 
Production 2.67* 0.17 2.95 to 3.23* 
Transmission 0.61 0.20 0.52 
Distribution 1.61 0.27 0.34 
Total cost -7 4 3.8T1 to .09 
*The value $2.67/106BTU refers to an electrical energy cost of
 
9.1 mills/KWHe and this sam estimate is used in arriving at a hydrogen ­
production cost of $3.23/i 0 BTU.
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The experience in-pipeline transmission of hydrogen in the U. S.
 
is limited to a 50-mile network in the Houston, Texas, area. The largest
 
and oldest hydrogen pipeline network is located inthe Ruhr area of
 
Germany where most of a 130 mile network has been in continuous operation
 
since 1940. This pipeline has no in-line compressor station-and is
 
constructed from seamless steel pipe. In the U. S., many of the 250,000
 
miles of natural gas transmission network, after compressor station
 
upgrading, are suitable for the transport of hydrogen gas. The hydrogen
 
energy-transmission capacity of an unmodified (750 psia) natural gas
 
pipeline is about 26% of the natural-gas energy-transmission capacity.
 
This is due to the different compressability factors for hydrogen and
 
natural gas. [Penner-75] Table 0.3.4-2 lists the relative energy­
transmission capacities of hydrogen and natural gas pipelines operating
 
at 750 psia. Comparison of the hydrogen and the estimated 1972 natural
 
gas transmission costs at 750 psia indicates that the cost of hydrogen
 
transmission is about 2.3 to 2.7 times that of .natural gas.
 
Pipeline material compatibility with a hydrogen environment may
 
be an obstacle to future hydrogen transmission. Although the existing
 
mild-steel hydrogen pipelines have not been adversely affected by
 
hydrogen, the materials used in conventional natural-gas pipeline may
 
well be corroded by hydrogen. The term hydrogen-embrittlement is usually
 
used to describe the molecular hydrogen dissociation at the surfaces and
 
the penetration of atomic hydrogen into the lattice structure of steel.
 
This usually leads to a loss of ductibility and to stress cracking,
 
blistering or flaking. Another type of embrittlement may have been
 
observed in hydrogen-fuel operations at NASA. Workers at NASA have
 
categorized materials as resistant, moderately attacked, severely attacked,
 
and extremely susceptible to attack according to their susceptibility to
 
hydrogen-environment embrittlement. Conventional pipeline steels are
 
expected to fall inthe severely attacked category.
 
Many natural gas networks utilize large diameter cast-iron mains
 
originally designed for low-pressure manufactured gas distribution in
 
downtown areas. Suburban areas areifed through welded steel or more
 
recently plastic pipelines. Cast iron and steel pipes are compatible
 
with hydrogen use. The permanability of some plastic pipe compound is
 
significantly higher to hydrogen than to natural gas and may thus limit
 
the use of plastic distribution lines.
 
Liquid hydrogen, on the other hand, istransported and distributed
 
in cryogenic truck trailers and rail cars- Truck trailer typically
 
carry 7,000 gallons of liquid hydrogen while rail cars carry up to
 
34,000 gallons.
 
Storage of Hydrogen
 
In a hydrogen pipeline system, the large-scale storage of hydrogen
 
will be necessary for peak-shaving. The feasibility of using existing
 
storage tanks must take into consideration the fact that a natural gas
 
storage tank will store at design pressure only about one-third as much
 
energy when filled with hydrogen. This may require that existing storage
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TABLE D.3.4-2. THE RELATIVE ENERGY-TRANSMISSION
 
CAPACITIES OF HYDROGEN AND NATURAL-GAS PIPELINES
 
fPenner-75J
 
Relative 
Relative Relative energy­
compressor compressor transmission 
Pipeline capacity horsepower capacity 
natural gas 1.0 1.0 	 1.0 
hydrogena 1.0 0.1 0.26 
hydrogenb 2.1 1.0 0.56 
hydrogenc 3.8 5.5 1.0 
a. 	An unmodified natural-gas pipeline isassumed. 
b. 	 A natural-gas pipeline with modified compressor 
capacity is assumed. 
c. 	 A natural-gas pipeline with nodified compressor 
capacity and.horsepower isassunied.
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facilities be enlarged. For liquid hydrogen, however, spherical

containers are conventionally used. This type of cryogenic storage
 
system, as well as storage in compressed-gas cylinders, istoo expensive

for large-scale application. Because of the low boiling point of liquid

hydrogen (-4231F), particular care must be taken to construct an effective
 
insulating system.
 
Transport and storage of liquid hydrogen has undergone considerable
 
improvement in recent years, "mainlydue to the large quantities of liquid

hydrogen used as a fuel in the space program and the liquid hydrogen

stored at the Nuclear Rocket Development Station in Nevada. [HY-73]
 
The Role of Hydrogen
 
It is envisioned that in a hydrogen energy system there will be
 
several areas where liquid hydrogen may be used to improve-'the system.
 
In any energy supply system, the system must furnish energy on
 
demand, and the demand is not generally constant. If hydrogen gas were
 
being used only for domestic heating, the fluctuations in demand would
 
be somewhat predictable since there would be a higher demand on days.
 
The suggestion of using hydrogen generated from off-peak power to meet
 
peak load was made in 1933 by Erran. Recently, [T.J-74] proposed a
 
system composed of: an electrolytic-subsystem for water electrolysis,
 
a fuel storage capability, and a fuel cell system on a hydrogen gas

turbine-alternator system to supply electrical energy during the rush
 
load periods. Figure D.3.4-2 illustrates the power generation station
 
with the proposed peaking unit. The analysis in this study showed that
 
when the cost of oil increases above $1.20/106 BTU, this scheme becomes
 
economically feasible using technology of cryogenic storage and gas
 
turbines presently available.
 
Liquid hydrogen could possibly be useful in supplying energy to
 
a small town when the total use rate and distance from source might

make a pipeline for hydrogen gas uneconomical. Another suggested use
 
of liquid hydrogen is in cooling a cryogenic electrical transmission
 
cable. Inthis concept electric energy and hydrogen energy flow in
 
the same pipe. The economies are a result of the reduction of electrical
 
energy lost through line resistance. [HY-73]
 
Perhaps the most promising market for cryogenic hydrogen is inthe
 
transportation area. [Jones-74] About 25% of the energy consumed in
 
the U. S. is allocated to the transportation sector. The most efficient
 
means of transportation are by train, bus, plane and auto in about that
 
order. Hydrogen-air turbine-driven trains, trucks, and buses are distinct
 
possibilities. Liquid hydrogen may find its maximum near-future potential

in the aitcraft industry. Studies indicate that cryogenic hydrogen is
 
essential for aerodynamic cooling of hypersonic aircraft and highly
 
desirable for supersonic airplanes.
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The availability of large amounts of low-priced hydrogen would have
 
a distinct influence on industry. For example, the use of hydrogen as
 
a direct reducing agent for the production of iron from ore has been
 
technically proven. The switch from coke to hydrogen in the steel-making
 
industry would have widespread effects, especially in reducing air pollution.
 
Safety of Hydrogen
 
Safety is perhaps the most controversial issue surrounding the
 
possibile use of hydrogen as a fuel. Skeptics often express fear about
 
the flamability of hydrogen. One should consider the improvements in
 
hydrogen technology and safety measures that have been made since 1937
 
when the Zeppelin disaster took place. Many of the improvements have
 
been spin-off benefits of the space program. NASA as scheduled the
 
Space Shuttle for 60 flights/year, carrying 14 x 10 lb/year of liquid
 
hydrogen into space.
 
Hydrogen, today, is considered to be no more hazardous to use,
 
transport and store than gasoline or natural gas, provided proper equip­
ment and techniques are employed.
 
Hydrogen has no odor, a property that makes leaks of pure hydrogen
 
hard to detect. Odorants are normally added to natural gas to make
 
leaks more obvious, and the same thing can be done with hydrogen. The
 
nearly invisible hydrogen flame might be dangerous as well; an illuminant
 
added to the gas to increase the flame luminisity would solve the problem.
 
D.4 GENERAL PROPOSED ACTIONS
 
This section presents a summary of proposed actions that have impact
 
on the Energy Industry (electric utilities included). These actions
 
resulted from discussions among the Energy Industry task group members,
 
colleagues from other task groups, from individual speakers and from
 
published literature. Actions are categorized below as actions taken by
 
the Government, the Energy Industry, and other sectors (transportation,
 
residential/commercial and processing industry). It is obvious that some
 
actions have direct impacts not only on the Energy Industry but also on
 
electrification. Table D.4-1 lists the numbers of all the actions
 
categorized by the institutions that might take (or propose) them and the
 
area(s) directly affected.
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TABLE D.4-1 CATEGORIZATION OF ENERGY INDUSTRY ACTIONS 
ACTIONS 
'TAKEN BY 
RELATED TO 
ELECTRIC 
UTILITIES 
RELATED TO 
FUEL 
RELATED TO 
TECHNOLOGY & 
EFFICIENCY 
- RELATED TO 
OTHERS 
Government 
1, 2, 3, 11, 
13, 14, 15, 
16, 17, 27, 
28, 29, 31, 
32, 36, 86 
4, 10, 12, 
13, 17, 21, 
26, 30, 87, 
88, 89, 90, 
91 
5. 6, 8, 
20, 22, 23,, 
25, 33 
7, 9, 18, 
19, 24, 34, 
35, 37 
Energy 
Industry 
38, 39, 42, 
43, 44, 48, 
50, 51, 52, 
54, 94 
92, 93, 94, 
95 
40, 41, 45, 
46, 47, 49, 
53 
55 
Others 
58, 59, 60, 
62, 76 
56, 57, 63 61, 64, 69, 
70, 71, 72, 
73, 74, 75, 
77, 78, 79, 
80, 81, 82, 
83, 84, 85 
65, 66, 67, 
68 
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List 	of Enerqv Industry Possible Actions
 
1. Investigate inverted rate structure for utilities.
 
2. Accentuate discount rate structure for utilities.
 
3. Encourage electrification by subsidizing.
 
4. Promote synthetic petroleums (coal gasification, shale oil, liquefaction).
 
5. Develop standards for power plant design (emphasizing efficiency).
 
6. Devise mechanisims to bring in new efficient technology by:
 
a. Taxing scarce fuels
 
b. Accelerate depreciation allowance on utilities
 
7. Start a major educational campaign aimed at key groups to bring them
 
up to date on available energy conservation technologies.
 
8. Provide technical and financial support for waste fuel, power, and
 
heating plants.
 
9. Reduce hours for TV stations.
 
10. 	 Place a surcharge on all imported fuels.
 
11. 	 Eliminate the oil depletion allowance and foreign tax credits.
 
12. 	 Proviqe a mandatory program for saving waste oil and provide for
 
efficient collection and use.
 
13. 	 Stronger and better nationally organized city recycling programs (solid
 
waste).
 
14. 	 Establish import quotas.
 
15. 	 Suspend energy consumptive air and water pollution requirements.
 
16. 	 Larger grants to develop solar, geothermal, nuclear, and hydorelectric.
 
17. 	 Preserve energy -- import and store if price is right.
 
18. 	 Change school calendar to reduce energy requirements.
 
19. 	 EPIC Educational Program
 
20. 	Tax credit for commercial retrofit.
 
D-71
 
21. 	 Establish a sulfur tax on fuel.
 
22. 	 Tax credits on all retrofits which reduce energy use.
 
23. 	 Permit accelerated depreciation for plant improvement systems which
 
utilize waste heat for furnace and boosters.
 
24. 	 Progressive sales and/or energy taxes on water, gas, and electricity.
 
25. 	 Grant or insure low-interest loans for energy efficient facilities.
 
26. 	 Establish a program on solid waste recovery from government and industry
 
installations.
 
27. 	 Permit electric utilities to negotiate rates with industrial and
 
commercial customers.
 
28. 	 Require electric utilities to share load rather than purchase and operate
 
inefficient combustion turbines.
 
29. 	 Require electric utilities to make power generating unit load assignments
 
on basis of minimum oil and gas consumption not minimum cost.
 
30. 	 Expedite availability in the U. S. of an economical, practical, reliable
 
S02 removal system. (The lack of such a system isdiscouraging use of
 
fuel in existing steam power plants.)
 
31. 	 Use aerospace technology to develop a solar energy generating synchronous
 
satellite.
 
32. 	 Accelerate the development of cryogenic, laser, and other energy efficient
 
power transmission techniques.
 
33. 	 Provide incentives to close inefficient plants and open efficient ones.
 
34. 	 Provide special tax credits and accelerated depreciation for paper mills
 
and others who are electricity suppliers due to efficient waste-use
 
systems.
 
35. 	 National education program informing people of methods and the need to
 
conserve energy.
 
36. 	 Require all new fossil fuel power plants to burn coal or solid waste.
 
37. 	 Require that future housing development provide at least 65% of
 
their own energy source.
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38. 	 Establish consolidated control of electric grid (power centers).
 
39. 	 Encourage load management to achieve .higher load factors.
 
40. 	 Reduction of cooling water requirements and fuel usage by adopting power
 
plant cycles which employ combustion gas turbines inconjunction with
 
steam equipment.
 
41. 	 install heat recovery surface in furnace stack to increase overall
 
efficiency,of heating-plant.
 
42. 	 Provide a rate incentive for interruptible electric energy.consumption
 
by industry.
 
43. 	 Provide a rate incentive for permanent shifting of industrial loads to
 
daily off peak periods, to nights and weekends..
 
44. 	 Institute time-of-day-metering and a rate incentive,to avoid peak
 
periods.
 
45. 	 Replace defective steam traps..
 
46. 	 Use flash tanks and heat exchangers to recover heat from hot condensate.
 
47. 	 Reduce cooling steam flow through idling turbines to the. true minimum
 
safe value.
 
48. 	Structure rates to encourage off peak use.
 
49. 	 Install thicker insulation on furnaces, vessels, and ducts containing
 
hot gases.
 
50. 	 Investigate which industrial operations will lend themselves to shifting
 
in operatingpatterns (electric furnaces, glass melting, crushing and
 
grinding in.many industries are good examples).
 
51. 	 Promote storage heating and cooling, (inform of cold water, ice or
 
salt) which might have an adverse effect on the loading curve.
 
52. 	 Institute peak demand metering only during the periods of daily peak
 
hours.
 
53. 	 Improve efficiency of stationary diesels driving generators by adding
 
superchargers.
 
54. 	 Install small unattended hydroelectric plants at undeveloped sites on
 
rivers and lakes.
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55. 	 Improve operating practices so as to avoid waste of fuel or other
 
materials. This will probably require an operator training program.
 
56. 	 Use battery powered electric car for urban driving.
 
57. 	 Initiate an electric cab program.
 
58. 	Business close at 7:00 p.m. and on Sundays
 
59. 	 Utilize daylight whenever possible in place of artificial lighting.
 
60. 	 Develop a small commercially acceptable total energy package or fuel
 
cell for apartment houses or for individual homes.
 
61. 	 More efficient air conditioners.
 
62. 	 Investigate how different electric heating systems match utility
 
system characteristics.
 
63. 	 Promote synthetic petroleum (coal gasification, shale oil, liquefaction,
 
etc.)
 
64. 	 Promote use of bottoming and topping units.
 
65. 	 Promote staggering working hours to reduce travel time.
 
66. 	 Establish a national institute for energy conservation.
 
67. 	 Establish a national clearing house for energy conservation ideas.
 
68. 	 Persuade "incentive-award" companies to award housing insulation
 
retrofits, storm windows, etc.
 
69. 	 Stop leaks of steam and condensate.
 
70. 	 Install heaters to recover waste heat from hot water streams such as
 
engine jacket water.
 
71. 	 Install waste heat boilers to recover heat from hot waste gases such as
 
the exhaust of turbines.
 
72. 	 Reduce steam flow through pressure reducing stations to zero for all
 
except emergency conditions.
 
73. 	 Replace old eroded or corroded impellars inexisting equipment.
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74. 	 Use of hydraulic or gas expansion turbines to recover pressure energy
 
from high pressure liquid and gas streams leaving a process mill.
 
75. 	 Substitute new efficient pumps, fans, compressors, etc. for old
 
inefficient equipment.
 
76. 	 Require process industries to sell to the local electrical utility
 
any surplus power which can be produced from industrial non-condensing
 
turbines.
 
77. 	 Adopt more efficient heater designs embodying such features as flue gas
 
recirculation. Process unit heaters with efficiencies in excess if 90%
 
are now available.
 
78. 	 In lieu of using heating steam, attempt to exchange heat between steams
 
within a unit and also between units.
 
79. 	 Increase frequency of cleaning heat exchangers.
 
80. 	Install additional heat exchange surface to minimize temperature difference
 
between the heating steam and the product being heated.
 
81. 	 Install additional metering so that abnormal steam usage will be
 
detected quickly.
 
82. 	Use waste heat boilers to recover heat from hot gases which otherwise
 
would be discharged to air.
 
83. 	 Install forced draft fans to improve draft conditions inboilers.
 
84. 	Install additional extended surfade in convection section of boilers.
 
85. 	Revise criteria for evaluation of alternate processes and equipment
 
selections so that the alternate selected is that one which offers
 
the lowest total cost (including fuel cost) over the lifetime of the
 
equipment or at least over a period of ten years or more. This measure
 
would have a greater effect in raising the efficiency of energy use by
 
industry than any other.
 
86. 	 Adopt a policy to reduce the national growth of electricity demand.
 
87. 	 Initiate taxes on automobile engine size.
 
88. 	 Investigate implications of gasoline rationing.
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89. 	 Initiate government regulations for intrastate natural gas sales.
 
90. 	 Program for government absorbing risk for fuel industry.
 
91. 	 Make available government land for commercial oil shale mining.
 
92. 	 Evaluate carefully the conservation potential for petroleum dependent
 
systems such as fuel cells.
 
93. 	 Conversion to nuclear energy based on light water reactors LWR (enriched 
- uranium) and high temperature gas-cooled reactors. 
94. 	 Recycle plutonium.
 
95. 	 Improve the inefficiency in the electrolysis process and in the
 
reconversion of hydrogen to electricity.
 
96. 	 DPeregulate natural gas prices.
 
97. 	 Implement secondary and tertiary recovery of oil and gas.
 
D.4.2 CONSTRAINTS
 
Institutional constraints fall into three broad categories -- economic,
 
legal and s6cial.
 
Economic Constraints
 
Unquestionably, and perhaps with some chagrin, it must be admitted that the
 
overwhelming class of constraints to-the introduction of any conservation
 
technology is economic. Itmatters little whether a particular proposal
 
can show a 30% net energy savings, within a free corporate structure it has
 
little chance unless it can also show a profit. This is a major factor
 
which must be kept in focus. Inparticular, attention must be given to
 
The cost of extraction,
 
The cost of retrofit,
 
The cost of utilizing waste resources,
 
The capitalization of energy and utility companies.
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Legal Constraints
 
There are a vast number of constraints of a legal nature which have
 
arisen because of a desire to enhance the environment, increase profits,
 
guard against thoughtless destruction of land, and insure social stability.
 
Such legislative effects at both state and federal levels are commendable.
 
But some obstructive laws are archaic while the reasoning behind others
 
becomes unsound in light of new developments in energy. A few of the
 
particularly important areas inwhich constraints need to be identified
 
are:
 
Leasing policies,
 
Price controls,
 
Transportation regulations,
 
Environmental regulations, and
 
Taxation policy.
 
Social Constraints
 
A third area in-which important constraints to conservation actions
 
can be identified is social, which, because of developing awareness, must
 
take into account political and environmental factors as well. A politician's
 
views cannot be totally divorced from those of his constituents nor the
 
public's attitudes from those of the advertising media. A lot of
 
constraints within the social realm are completely intertwined-with other
 
interests, perspectives, attitudes and fears characteristic of specific
 
segments of society. The most important constraints inthis area which
 
need to be identified are :
 
Rising expectations of imptcved living standards,
 
Growing concern for cleaner water and clean air,
 
Desire for greater leisure.
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D.4.3 IMPACTS
 
Following the usual practice,jthe impacted areas will be classified
 
within the general categories of economics, socio-politics, environment,
 
and technology.
 
Impacts could be categorized as primary, secondary, and hi-gher order.
 
Primary impacts are those which result as a direct consequence of a partic­
ular requirement. Secondary impacts appear due to perturbations produced
 
in the system by the pri'mary impacts. To illustrate the nature of impacts

of various orders, suppose that a given action requires that all new fossil
 
fuel' power plants,burn coal. This will necessarily entail an increase in
 
coal mining. Primary inpacts could be more mine accidents and cases of
 
black lung disease. These in turn produce secondary and higher impacts on
 
the mining industry, society, and on the miners themselves. Figure D.4.3-1
 
illustrates the sequence of impacts generated by the required increase in
 
coal mining. Loss of income and increased medical expenses are secondary

personal impacts. Note that an increase in production cost is a third
 
order impact generated by, say, mine property damaged during a mine accident.
 
Figure D.4.3-1 could be expanded to include impacts of higher order,
 
however, the analysis becomes complicated by the fact that impacts are no
 
l.onger isloated and their effects tend to overlap. The discussion of impacts

in-this section will be limited, in general, to first and second order
 
SELECTED GROUP OF ACTIONS
 
Based on the overall constraints presented in Section D-4.2, the
 
general proposed actions have been filtered out and reduced to a smaller
 
set which directly affects the energy industry. These actions can be
 
classified into six general categories:
 
Category 	 Action
 
I 	 Create supplies of intermediate synthetic fuels.
 
II 	 Increase efficiency of extraction, transpor­
tation, and conversion of fuels.
 
III 	 Government control of pricing structure and
 
import of fuels.
 
IV 	 Provide economic conditions to encourage
 
national energy development
 
V 	 Trade-off considerations in energy conservation
 
and environmental impacts.
 
VI 	 Trade-off land use goals against energy needs
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The idea of grouping the actions in general categories is to accommodate
 
those actions which escaped consideration in the early listing, such as
 
actions pertaining to the refining of oil
 
Table D.4.3-1 lists the selected actions according to the cateQories
 
presented above. Action numbering is the same as in D.4.1.
 
IMPACT ASSESSMENT
 
Actions within Category I, which includes coal gasification, in situ
 
recovery of shale oil, and liquid natural gas; and actions number 96 and
 
97 are discussed in Chapter 4.
 
Due to time limitations, an impact assessment of only the actions
 
within Category III and IV is presented. The basis for selecting this
 
group of actions is their potential for immediate implementation and the
 
fact that the government and the utilities are studying them.
 
Impact matrices for the technological, economic, environmental, and
 
socio-political areas are presented inTables D.4.3-2 through D.4.3-5,
 
respectively. The positive sign (+)indicates that either the action
 
produces an impact as indicated or that the impact is favorable. For the
 
negative sign (-)the reverse is true. A blank space indicates that there
 
is no apparent effect as far as primary and secondary impacts is concerned
 
or that the impact is not very clear.
 
The assignment of relative ranking to the impacts of the actions is
 
a subjective process. However, the method has some merit as a rough
 
indication of effects produced by a particular action. Inspection of
 
Tables D.4.3-2 through D.4.3-5 shows that the overall effect of the actions
 
selected are favorable ones.
 
In particular, an inverted rate structure coupled with a metering
 
system to monitor peak loads should be beneficial in the drive for
 
energy conservation. The most widely used rate schedule encourages customers
 
to use electricity wastefully, since the more consumed the less paid.
 
In addition, the present price for electricity does not make any distinction
 
between users that add to the peak load and those that do not. The utilities
 
are legally obligated to build enough capacity to meet the peak load demand.
 
Thus, peak load users are the cause for the requirements of more electric
 
power plants. A system which charges the customers for the true worth
 
of the peak period consumption will motivate people to shift to periods
 
where system capacity is adequate and not used. The net result could be
 
the end of unnecessary overbuilding of capacity, which could hold down
 
electricity prices.
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TABLE D.4.3-1. CATEGORIZATION OF SELECTED ACTIONS
 
Category
 
I II 	 III I-V V VI
 
Selected 5, 6, 32, 39, 40,, 41 1, 6, 10 2, 3, 6, 8,
 
Actions 45, 46, 47, 49, 53 11, 14, 17 22, 23, 25
 
4 	 55,'64,,69, 71, 72 21, 24, 27, 30, 33, 42 15 91
 
73, 75, 77, 79, 81 29, 44, 48 43, 90.
 
83, 84, 85, 97. 96.
 
.TABLE D.4.3-2. TECHNICAL IMPACTS OF SELECTED ACTIONS
 
L .4 TTABLE D.4.3-3. ECONOMIC IMPACTS OF SELECTED ACTIONS
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TABLE 0.4.3-4. ENVIRONMENTAL IMPACTS OF SELECTED ACTIONS 
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TABLE D.4.3-5. SOCIO-POLITICAL IMPACTS OF SELECTED ACTIONS
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D.4.4.4 GOVERNMENT PROPOSALS DIRECTLY RELATED TO THE ENERGY INDUSTRY
 
Appendix I contains a list of major national and state legislative
 
proposals relating to energy. Some are categorized as energy conserva­
tion proposals, although itappears.that the term is used in the
 
restricted (simply curtail use) sense. Table D.4.4-1 presents a list
 
of the federal proposals relating directly to the energy industry. A
 
preponderance of bills are directed at the oil and/or gas industries,
 
especially in the antitrust and Outer Continental Shelf areas.
 
The state proposals related to the energy industry deal principally
 
with:
 
Operations of public service commissions.
 
State and municipal owhership of electric utilities.
 
Consumer rights.
 
Statewide research and development.
 
Some of these have already beeh signed by the governors of the
 
appropriate states. The concern with the energy problem is common to all,
 
despite the diversity in the actual state enactments.
 
An important area for future research is to determine the consistency
 
of the myriad of state policies with each other and with federal policies
 
in terms of energy conservation. The ECASTAR group has only scratched the
 
surface by analyzing national enerqy conservation in light of its require­
ments and impacts. Government actions affect all sectors of the economy.
 
It is difficult, then, to consider any energy conservation strategy (e.g.,
 
diversification, electrification) without direct attention to associated
 
government policy.
 
D.4.5 DETAILED ACTIONS ANALYSIS.
 
The basic proposals of Section D.4.1'have been screened by means
 
of the fundamental criteria of Section D.4.2. In addition the task
 
group added a further set of criteria. As a set the actions should
 
cut across the diciplines of technology, economic and governmental
 
actions. Further actions were selected'to be those which are fre­
quently proposed and which are commonly thought to be of significant
 
impact. Where possible, alternate actions which addressed themselves
 
to the same goal were chosen so that direct comparison could be made
 
The final set of actions to be considered in detail are listed
 
below. Note that certain liberties have been taken in addressing
 
the original proposals of Section D.4.1; this was done in order to
 
facilitate the systems method and to enhance the direct comparability
 
of the proposals.
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BILL # 

COAL
 
HR 3217 

HR 3333 

S 1777 

HR 3463 

HR 3836 

OIL AND GAS
 
S 745 

S 1138 

HR 3322 

HR 3323 

HR 3324 

HR 3399 

HR 4907 

HR 5211 

HR 5563 

HR 6385 

S -1113 

HR 5173 

S 1139 

S 1186 

S 1383 

HR 3808 

HR 4112 

HR 5043 

S 1182 

S 1524 

S 1595 

HR 5510 

HR 3481 

HR 3594 

FEDERAL REGULATION RELATED TO THE ENERGY INDUSTRY
 
COMMENT
 
Change tax laws to encourage synthetic fuels.
 
Occupational safety.
 
Clean use of coal by power plants..
 
Strip mining regulation.
 
University research on coal technology.
 
Antitrust
 
Antitrust
 
Antitrust
 
Antitrust
 
Antitrust
 
Antitrust
 
Antitrust
 
Antitrust
 
Antitrust
 
Antitrust
 
Public oil reserves.
 
Public oil reserves.
 
Outer Continental Shelf
 
Outer Continental Shelf
 
Outer Continental Shelf
 
Outer Continental Shelf
 
Outer Continental Shelf
 
Outer Continental Shelf
 
Leasing.
 
Remove depletion allowance.
 
Oil Import License Fees.
 
Oil Import License Fees.
 
Coastal state funds for impact studies of
 
OCS development.
 
Oil shale.
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HR 3753 

HR 3850 

HR 3876 

HR 3906 

HR 4061 

HR 4282 

HR 5670 

HR 4958 

HR 7116 

ENERGY IN GENERAL
 
HR 6557 

SYNTHETIC I'IELS
 
HR 6598 

NUCLEAR
 
S 1119 

S 1717 

HR 3809 

HR 4945 

HR 4971 

HR 5406 

HR 6870 

SOLAR
 
S 1379 

MAGNETOHYDRODYNAMICS
 
HR 5833 

S 744 

ELECTRIC UTILITIES
 
HR 3775 

HR 6696 

Deregulate natural gas.
 
Reduce oil imports.
 
Provide "reasonable" prices for natural gas.
 
Prohibit the President from increasing oil
 
price by more than $1.
 
Deny foreign tax advantages.
 
Government purchase all oil imports.
 
Government review foreign supply contracts.
 
Severance taxes.
 
Tax credit for new exploration anddevelopment.
 
Prohibit energy price discrimination.
 
ERDA facilities.
 
Uranium tailings
 
Create nuclear power
 
Create Nuclear Power Resources Authority
 
Authorization of plutomium licenses
 
Suspend nuclear power plant'licenses pending
 
a five-year study.
 
Suspend nuclear power plant licenses pending
 
a five-year study.,
 
Suspend nuclear power plant l-censes pending
 
,afive-year study.
 
Income tax credits on solar equipment
 
R & D
 
R& D
 
Environmental' concerns during cbnstruction
 
Rules for agencies that regulate rates.
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Selected Actions
 
Coal gasification
 
Insitu shell liquefaction
 
Improved secondary and tertiary recovery of oil & gas
 
Expanded utilization of liquid natural gas
 
Deregulation of natural gas prices
 
-Itshould be noted that these.actions addres.s themselves to two
 
distinct problems: (1)shortages of natural gas and (2)shortages
 
of oil. Techniques for solution include (1)development of existing
 
resources, (2)increases in production efficiency, and (3)introduction
 
of substitute fuels. Detailed discussion of these alternate approaches,
 
their requirements and impacts, are shown inSection D.4.5.1 through
 
D.4.5.5.
 
D.4.5.1 COAL GASIFICATION
 
Interest in coal gasification is derived from three areas: (1)elimin­
ation of emissions associated with direct combustion of coal (2)development

of a pipeline quality natural gas and (3)production of a feedstock to cer­
tain liquefication processes. In each, coal is to be substituted for what is
 
generally a cleaner and less expensive fuel. This action is frequently justi­
fied for two reasons:
 
Ultimate coal reserves are significantly larger than those of
 
either gas or oil. Coal gasification will in the long run enable
 
a more uniform rate of consumption.
 
Large coal reserves are available nationally so that replacement
 
of alternate imported fuels impacts favorably on the balance of
 
payments and reduces susceptability to international boycotts.
 
Proposed Action
 
"The federal government will develop and implement an aggressive program
 
to facilitate rapid development of an economically viable coal gasification
 
program."
 
Goal
 
ERDA has considered a similar action to this for inclusion in the upcoming
 
federal budget [Monti-75]. The government projections suggest a capability
 
of producing 1-3 quads of gas by 1985 and 0.5 quads of liquids. Inassess­
ing the impact of such a program, a goal will be established at 3.0 quads by
 
the end of this same time period.
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Requirements
 
All of the currently proposed commercial installations are based on
 
established technology utilizing the Lurgi process [CA-75,94]. Alternate
 
processes under development will require a significant time lag as they
 
move through the demonstrator stage to commercial development. Commercial
 
operations of these plants is not anticipated prior to 1985 [PI-74-3,107].
 
Consequently projections have been made using established costs, manpower
 
and material requirements for the Lurgi process.
 
Capital costs of coal gasification plants have recently risen dramati­
cally. In 1973 a typical unit in Dunn County, North Dakota capable of pro­
ducing 250 mmcf/day (Ift3 920 BTU) was reported to cost $370 million plus
 
another $100 million for the mine facility [OGJ-73,132]; by July 1975 the
 
cost of this same plant had risen to $700 million plus $100 million for the
 
accompaning coal facility [Weiss-75]. This unit is scheduled to be
 
operational in 1982. Assuming 333 days of operation per year, 37 plants
 
are required to produce 3 quads per year. Without adjusting for infla­
tion, this amounts to $29,600 million which would be required to construct
 
37 such plants and mines to produce a 3 Quad output.
 
Construction and testing of a typical 250 mmcf/day plant takes three
 
to four years. Peak manpower requirements are about 3000 employees and
 
completion of the project requires a total of 16,550,000 man hours. This
 
includes 250 engineers associated with the plant design and construction.
 
Plant operation requires 625 persons and the associated mine will, employ
 
approximately 300. These numbers include 80 managers and engineers at
 
the processing plant and an additional 65 in charge of mining. The esti­
mated total payroll to the facility will be $14.8 million and will support
 
an additional 1500 to 2000 service jobs to provide increased professional
 
and commercial service to the increased population.
 
Structural requirements for'the proposed plants are shown in Table
 
D.4.5-1. The pipe steel listed is for the construction of the facility
 
itself and does not include either the water pipelines or the SRG pipe­
line. Since many of these units will be located in western areas where
 
large quantities of natural gas do not normally occur, pipelines of
 
sufficient size do not presently exist for its transport. Two of the
 
major regions under consideration for development of coal gasification
 
units are the Powder River Basin of Wyoming and the Four Corners area of
 
New Mexico. Generally it is considered that gas produced in the great
 
plains will be transported easterly either by connecting with existing
 
pipelines in Kansas or by joining the proposed pipeline across the
 
Canadian border. Gas produced in the Four Corners area will generally
 
be transported toward California. Pipeline on construction costs are
 
estimated [PI-74-6,40] at $132,149/mmcf/day from Cheyenne, Wyoming to
 
Kansas City, Missouri; costs are $138,331/mmcf/day from Farmington, New
 
Mexico to Los Angeles, California. Using an average construction costs
 
of $135,000/mmcf/day, pipelines sufficient to transport 3 Quads of energy
 
per year, 8473 mmcf/day, would cost a total of approximately $1,143,906,000.
 
Similarly steel requirements between these locations are approximately
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TABLE D.4.5-1. MATERIAL REQUIREMENTS FOR
 
DEVELOPMENT OF A THREE QUAD COAL GASIFICATION CAPACITY
 
[PI-74-3,47J
 
Single 250 MCF/D 3.0 Quads
 
Lurgi Unit With of Lurgi Units
 
Methanation
 
Steel
 
Thick Plate (tons) 24,000 888,000
 
Structural (tons) 7,200 266,400
 
Reinforcing (tons) 2,400 88,800
 
Pipe (tons) 12,000 444,000
 
High Pressure Vessels 200 6,800
 
Compressors over 750 HP 30 1,110
 
Copper (tons) 400 14,800
 
Aluminum (tons) 5,000 185,000
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250 tons/mmcf/day requiring 2 million tons total. Manpower requirements
 
average about 1700 man hours/mmcf/day [PI-74-5,58] giving a total of
 
14,405,000 man hours. Piping of water from the upper Missouri to the
 
Northern site is expected to cost $400-750/acre ft giving total cost of
 
up to $625 million [Flannery-75].
 
Raw process materials required for the gasification plants are shown
 
in Table 0.4.5-2. The coal is assumed to be obtained from a site adjacent
 
to the gasification plant so that transportation problems are minimal.
 
Oxygen is to be produced on site using cryogenic air separation. Water
 
inputs listed include all water purchased; a portion of this water will in
 
turn be discharged to the environment while the major portion will be
 
consumed as a reagent. Approximately 22,000 tons of water per day will be
 
consumed as a chemical reagent. The remaining requirementsrare largely for
 
cleaning coal and for process steam.
 
Potential
 
The total natural gas production in 1973 was 22.6 trillion cubic
 
feet or about 23.4 quads. [PI-74-4,1-12] Limited reserves will most
 
likely preclude significant increases in production by 1985. FEA pro­
jection of production are listed in Table D.4.5-3. Production is
 
expected to reach only 24 to 30 trillion cubic feet by 1985. Produc­
tion 'f 3 Quads of SNG would then represent 10-12% of the total national
 
supp .4.f gaseous fuels. 
Impacts 
The production of 3.0 quads of SPG by 1985 would significantly
 
decrease dependence on foreign oil supplies and alter balance of pay­
ments problems. Assuming that the produced gas could directly replace
 
oil imports, the import requirements would be reduced by 500 million
 
barrels per year. At $11/bbl, this would represent a decrease of $5.5
 
billion per year in oil purchases. Furthermore, natural gas supplies
 
are-critically'short and service has been severely curtailed in several
 
parts of the country. SPG can substantially augment current natural
 
gas supplies, of around 23 quads/year and help to ensure an adequate

supply to the million of natural gas users.
 
Material requirements are considered to be a major problem. The
 
largest need is for thick plate steel and pipe. The total requirements

of steel are estimated to be 3.5 million tons to be purchased over a
 
3 to-7 year period. This is only a small fraction of the total 131.5
 
million tons produced annually (1970) [FEA-74,336], but supplies have
 
been scarce over recent years. Similarly, if fabrication of facilities exist,
 
vessels are no problem. The Lurgi units are designed to operate at pres­
sures of only about 400 psi and therefore will not require specialized
 
facilities such as those used fo nuclear vessels. Itshould be noted,
 
however, that again steel production is periodically strained so that
 
manufacture of the Lurgi gasifiers may in fact delay construction of
 
competing energy of industrial facilities.
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TABLE D.4.5-2. PROCESS MATERIAL REQUIREMENTS 
FOR LURGI COAL GASIFrER [PI-74-3illO] 
Single 250 MCF/D 
Lurgi Unit with 
Methanation 
3.0 Quads 
of Lurgi Units 
Coal 
Oxygen 
Water 
27540 tons/day 
5680 tons/day 
40772 tons/day 
340,900,000 tons/year 
70,300,000 tons/year 
504,000,000 tons/year 
TABLE D.4.5-3. PROJECTIONS OF NATURAL GAS PRODUCTION 1985 
[PI-74-4] 
Assumed Assumed Production of Production of 
Oil Price,,bbl Gas Price, mcf Non Associated Gas Associated Gas 
trillion cubic ft. trillion cubic ft. 
Business 
as usual $ 7.00 $1.00 18,152 5,824 
Accelerated 
Development $11.00 $2.00 21,391 7,987 
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Capital requirements are difficult to specify because of the rapid

inflation rate encountered in the project. Projecting the costs of the
 
Dunn County Unit scheduled to be operational in 1982 to the 37 plants,

and not accounting for inflation of current or projected total U. S.
 
capital investment, the total cost of the plants including pipelines
 
is $31.3 billion. In 1974 the total' industrial capital investments were
 
$112 billion and for the oil and gas industry investments were estimated
 
at about $20 billion. Even spreading the costs of such units over several
 
years and allowing for future capital expansion, it isobvious that con­
struction.of gasification plants on this scale will require a major com­
mittment on the part of nation and will virtually preclude significant
 
alternate actions by the oil and gas industry.
 
Positive benefits include significant employment opportunities in
 
largely agricultural areas. Both the Platte River Basin of Wyoming and
 
the Four Corners area of New Mexico are in need of additional employ­
ment opportunities. Wyoming had a net population growth of only .7%in
 
the decade 1960-1970, with, about 12% of the population leaving the state.
 
The Four Corners areas of New Mexico is located on the Navaho Indian Re­
servation where employment opportunities have been traditionally poor.

The total local direct and indirect permanent employment requirements are
 
about 90,000 people. The total direct income into the community from em­
ployment by the facilities will be about $550 million. Increased tax
 
revenue will provide "direct benefits in terms of schools, improved
 
medical facilities and other public-welfare benefits. In the short term,
 
however, the higher influx of construction workers will over burden existing
 
housing; schools, hospital, law enforcement, and the community services. This
 
effect may be diminished by careful preparation and widespread use of tem­
porary facilities, but will almost certainly produce a transient deteriora­
tion of such services for existing residents.
 
One.of the most widely discussed issues is that of water resources.
 
The gasification plants and associated mines will require about 740,000
 
acre ft/year. The increased population will requirean additional 91,000
 
area ft/year. Conservationists warn that "water use of this order of
 
magnitude isa semiarid region.. .will have significant environmental
 
impacts". [Ruedisili.-75,149] However, the Department of Interior dis­
agrees. Water resources will definitely limit development in the
 
Four Corners once water supplies inthe Northern Great Plains are
 
reported to be more than adequate. [Flannery-75]. Presently about 6 million
 
acre feet of water has been allocated to agriculture in the upper Missouri
 
River area. Estimates of present use are only about .1million acre ft/
 
year. It is proposed that 1 million acre ft/year could be reallocated to
 
coal gasification without impeding agricultural growth in the forseeable
 
future.
 
A number of alternate problems exist which are generally associated
 
with industrial growth. These involve changes in the structure of society
 
as the population changes from rural to urban. These include weakened
 
community ties, growth of crime, drug misuse and numerous other social
 
disorders. The environment will almost be degraded to some degree.

Mining operations'will add dust to the air. Burning coal will increase
 
SO and other combustion products. Visually, homes, factories and shopping
 
ceters will replace open range and clean skies.
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It is difficult to determine what the final outcome of present delib­
erations will be. Coal gasification now appears economically and technically
 
feasible and few alternatives exist. Moreover improved and less expensive
 
processes are currently under development. The number of people who poten­
tially benefit from such action greatly outnumber those who are directly
 
adversely effected. These considerations make future development appear
 
almost certain. Yet those in opposition have so far been quite effective
 
in delaying present development through various legal procedures. In the
 
long run they can hope that technology can produce viable alternatives and
 
that the pressures will abate.
 
D.4.5,2 IN SITU OIL SHALE
 
Three methods of in situ recovery of oil from shale have been investigated
 
in substantial detail: the in situ process developed by the Bureau of Mines,
 
the modified in situ described by TRW systems, and an alternative process under
 
study by Occidental Oil Shale Corp. Insufficient information for an evaluation
 
of the Occidental process isavailable. But some tough conjectures can be
 
made [Bortell-75-1], [Ridley-75], [Bortell-75-2]:
 
The process requires no external water sources (except for re­
vegitation and urban use).
 
The process will require about half the manpower as surface retorting
 
methods.
 
Unlike TRW Systems design, the process does not retort any shale
 
above ground.
 
Because of the miltiple resources in the upper Colorado Basin area (coal
 
and shale), there is a likelihood that conflicts between the two for manpower

and water will arise. Substantial material and mining equipment will be needed
 
for extensive development of in situ shale.
 
D.4.5.3 IMPROVED RECOVERY TECHNIQUES FOR OIL AND GAS
 
This action is a conservation measure in the simple sense that
 
it increases the efficiency of utilization of a resource by extracting
 
a larger percentage from known deposits. Next to management of the
 
well itself, management of the reservoir is the key to profitable production

with a long producing life. Aside from the logic of recovering as much
 
oil as possible from known deposits to reduce the exploration risks and
 
first costs, enhanced recovery impacts directly on any policy of finding
 
substitutes for imported petroleum. Enhanced recovery by extending
 
the producing life of domestic supplies does the following:
 
Enhanced recovery of oil and gas is a partial substitute for imports
 
(shale oil, coal oil and gas, and exotic portable fuels or hydrogen genera­
tion). There issome potential for tapping resources such as heavy crudes
 
and tar sands which might otherwise remain unused. Tertiary methods such
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PiOF UJALIh 
as in-situ-combustion would transfer techhlogy to-other e-xtadibn : ocess
 
'such as shale oil. The technology and-know-how would also 'eof grkat.alue

for export or for assistance programs td developing nations,. Evwronmenta.] and
 
social impacts per unit of energy are generally small with enhaftedreycovery

methods.
 
Inthis discussion all the statistics will be based on [PI-74-2].
 
The gains inenhanced recovery methods will come from oil reservoirs,
 
heavy crude reservoirs, and tat sands. Present technology of a pre­
embargo vintage recovers an average of 31%-of the oil inthe reservoir.
 
The recovery isestimated to rise to 39% under the assumption of
 
t7/bbl oil. Recovery may exceed 50% in somie fields with -prices at $1I1bbl.
 
The model parameters for a typical reservoir will -give a.simle pictur f
 
the effect of advanced recovery on well life. The priary"'HifeZ.,rte,eil
 
istaken as 5 years and the- cndaty and -tertiary-llVes5,a , y &,
 
respectively, at much -reduced pvduct-ion 'levels. .hg i 
wel Isare on secondary recovery. In-tbe.,area of :stableoi it emt5U
 
incentives for advanced recovery were weak and the,techn6ot&,Awas--''mntvry

advanced, massive shut-ins of wells occurred. There is limited poftntia

for reopening wells once shut-in.
 
The overall potential for secondary and tertiary recovery techniques

islarge. As a percentage of oil already produced plus an addition to
 
new production, enhanced recovery islarge both intotal (as much as
 
a 30% addition to the recoverable fraction) and large innear term impact (as

much as 20% of domestic production by the 1980's). This oil produced by

enhanced recovery constitutes a contribution to saving fuels needed to ride
 
out the transition to others with larger resource base or to intermediates
 
requiring development.
 
The status of enhanced recovery technology isgood and improving.
 
There are a pool of trained personnel and a well developed industry and
 
supplier chain. The training and education programs exist for expanding

the manpower base. Ithas been proposed inthe Department of Interior's
 
5-year R & D Programs (June, 74) that $300 million be spent on enhanced
 
recovery research and development. A further amount has been allocated for
 
other programs such as heavy crudes and tar sands.
 
The technology of secondary recovery isbasically water flooding
 
(90%) and other injection schemes (10%). Tertiary recovery involves
 
more elaborate flooding programs using more expensive media or more
 
complex cycles of-operation. Italso includes combined mechanical
 
(explosive or hydraulic) working with chemical or thermal stimulation.
 
The principle requirements of enhanced recovery are an attractive
 
threshold price and the requisite investment. The threshold price
 
can be estimated from additional investment per barrel of added reserves.
 
The estimated secondary recovery investment today ranges from $D.32 inthe
 
Gulf to 10.96 inAlaska per barrel added. Tertiary investment isestimated
 
to range from SO.80 to £1.68 inthe different oil regions. Enhanced
 
recovery costs are projected to double or more by 1988. [PI-74-2,111-22]

Present Congressional thinking would allow for some fraction of old oil
 
to be sold at a ceiling price of $7.50 relative to the $5.25 ceiling and
 
bona fide tertiary recovery projects to have a $8.50 ceiling. This pricing
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structure proposal is discussed more fully inChapter 9. There is the intent
 
to eventually erase the price differential on domestic oil except for OCS and
 
Alaska.
 
The material requirements specific to enhanced recovery are minor. In
 
general they represent the same distribution of materials as brimary production.
 
Sheer size of the requirements is not a deterrent to the programs visualized
 
in Project Independence. Water use is very small compared to the consumption

in processing fuels. Also the water or fluid drive is usually made up of
 
whatever is on hand: brine, C02 and some natural gas liquids. Tertiary
 
recovery will require specialized chemicals. The demand for these and other
 
supporting goods and services will expand the infrastructure of well service
 
companies and' create some new opportunities. There is also a large material
 
recycle program inherent in enhanced recovery work. These old wells supoly
 
a good fraction of the pipe and equipment needed to implement advanced recovery.
 
The impact picture for enhanced recovery is in general favorable,
 
especi'ally for secondary projects. Tertiary recovery, particularly
 
unproven methods such as in situ or microbiological methods, lack .either
 
history or assessment of impacts. Prolonging the life of a production

site contributes a proportionate environmental load each year, but, to
 
counter this, itreduced the expansion of oil production into new
 
territories. The initial drilling and oroduction periods have greater

environmental impacts than the long term stable operation phase. Initiating
 
new recovery methods introduces a transient load on the environment. Insofar
 
as enhanced recovery substitutes for other intermediate fuel forms, such as
 
shale oil and coal conversion, it should be credited with large net savings

in environmental impacts. Since enhanced recovery potential is still small
 
compared to our long term fuel needs, the impact of these other energy con­
versions is delayed, not prevented. The economic life of communities and
 
fims tied to old oil fields will be prolonged.
 
The actions discussed above leave out one important alternative -­
nuclear stimulation of gas. The recent experience with this-method has not
 
been encouraging. Real problems exist with yield, seismic hazards, entrained
 
radioactive materials, cost and net energy return. Opposition is growing to
 
the point of passing state lawsforbidding nuclear explosions.
 
D.4.5.4 IMPLEMENTING OF LIQUID NATURAL GAS
 
Goal: In Chapter 4, section 4.5.2 the implementation of LNG as a
 
source of energy was recommended as a means of solving some high-demand

problems, by supplementing domestic natural gas supplies, and to provide
 
gas during periods of base-load use. In this section, the technology,
 
costs, potential, and impacts of implementing this action are examined.
 
Background and Requirements
 
One of the problems with NG is that it occupies a comparatively

large volume per unit of heating value compared to solid or liquid fuels.
 
Thus, it cannot be transported economically except in pipelines, and it
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is difficult to store at the sites where it will be used. Converting
 
gas into liquid helps overcoming these problems; this change results
 
when the gas is cooled to -2590F or (-161'C) and the resulting 600:1
 
reduction in volume is outstanding. The LNG technology originated
 
some 30 years ago and was applied initially to provide gas during periods
 
of high demand. While the use of NG by industry isquite steady year­
round, the demand for heating gas inthe residential and commercial
 
areas increases during the winter. When the demand for NG' exceeds the
 
pipeline capacities, the previously formed and stored LNG is regasified

and used to augment the NG arriving by the pipeline. Most LNG used
 
during peak demand periods is produced domestically. On the other hand,
 
foreign LNG was first imported during 68-69 by Boston Gas Co. from Algeria.
 
As stated earlier, using LNG helps in solving hich-demand problems and
 
can be used to provide gas during periods of base-load use. The potential
 
of LNG world market lies in the fact that some oil-producing countries
 
do not have much local demand for NG that is produced along with oil,
 
and also have no large markets accessible by pipeline. Converting NG
 
to LNG, shipping it by tanker to a consumer area where it is regasified,

and delivered by pipeline to consumer represents an excellent solution.
 
Although domestic movement of LNG isnot large, importation such as from
 
Algeria, Libya, Siberia, and Alaska by LNG tankers may become significant.
 
As an example of the approved projects for LNG importation to the U. S.
 
is the plan to import an equivalent of one billion cubic feet of NG/day
 
from Algeria where full production is expected by June, 1977,., The following
 
data is selected from the U. S. Senate Subcommittee Hearing'on May 1, 1973,
 
page 481, and it illustrates the contribution in trillions of cubic feet
 
of LNG imports to total U. S. natural gas supply.
 
1975 1980 1985 
Total NG Supply 24.2 26.9 29.5 
Estimated LNG Imports 0.2 0.9 1.6 
LNG as % of Total 0.81 3.31 5.41 
The technology of importing LNG requires:
 
gas liquefaction faciTi-ties to be constructed in the exporting
 
countries,
 
heavily insulated cryogenic tanker for transoceanic shipment
 
to be provided, and
 
regasification and storage facilities to be constructed in
 
the importing country.
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The costs of LNG importation are relatively high, for example, the
 
projeCdt, vfth Algeria mentioned above requires a total investment of about
 
$1.7 billion. The breakdown of the cost is as follows:
 
liquefaction facilities $ 350 million 
cryogenic tankers ($80-90 million each) 1150 million 
regasification facilities 200 million 
Tankers will be over 900 feet long and have a capacity of 125,000
 
cubic meters.
 
LNG Ocean Tankers
 
Table D.4.5-4. summarites the LNG ship construction potential and ship
 
requirements. This Table indicates that the U. S. has the potential to
 
build 72 LNG tankers between 1977 and 1985. Table D.4.5-5-shows a require­
ment potential of 137 U. S. vessels between 1977 and 1985, or almost twice
 
as many as can be produced here. [Pastuhov-74] However, the two Russian
 
projects along represent 45% of the U. S. total requirement. The U. S.
 
shipyard industry consequently faces two major unknowns ingearing its
 
production capacity--the actions of the Federal Power Commission and the
 
political uncertainties of the 1981-1985 period; which requires an esti­
mated 75 ships compared to 62 in the 1977-1980 period. Obviously, the LNG
 
tanker business must be considered simultaneously with the petroleum
 
crude oil carriers but, there again, the shipyards face another unknown -

Congress .-which may or may not pass a minimum U. S. shipping law for
 
oil imports.
 
Impacts
 
A crucial issue arising from future LNG imports is the same as with
 
oil -- the foreign policy benefits or dangers growing from the transaction.
 
Insome cases, the government may wish to approve a transaction even
 
though the Federal Power Commission (FPC) believes the price is too high.
 
The decision whether to turn down such a transaction, which may be part
 
of an overall-settlement of the cold war with the Soviet Union, should
 
be made by the-President and not determined by the FPQ.
 
As imports of LNG become a significant element of energy supply,
 
a new government intervention enters the picture. LNG imports are being
 
heavily subsidized by the federal government. The government pays about
 
half the cost of the LNG tankers built inthe U. S. and through the Export-

Import Bank the American taxpayer is assisting in the financing of
 
liquefaction,plants built abroad.
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TABLE D.4.5-4. LNG SHIP CONSTRUCTION POTENTIAL
 
A. Total Worldwide Shipyard Capability (120,000 m3 min. capacity).
 
Shipyards Construction berths
 
U.S 6 14
 
Western Europe 37 41
 
Japan 9 24
 
B. Potential for LNG Construction
 
Shipyards Berths Ships/Year
 
U.S. 3 6 8
 
Western Europe 12 12 12
 
Japan 4 6 8
 
C. Potential nuner of LNG Ships Delivered:
 
1977-1980 1981-1985 Total
 
U.S. 32 40 72
 
Western Europe 48 60 108
 
Japan 32 40 72
 
TABLE D.4.5-5. LNG REQUIREMENT POTENTIAL
K1GINAj PAGm 
Qoo Nuneof Ships
Imports 1977-80 1981 -85 Tota
 
A. To the U. S.
 
Alegeria 6 13 19
 
Nigeria 14 14 28
 
S. America & Alaska 11 )1
 
Pacific/West U. S. 17 17
 
'USSR/East U. S. 20 20 
 40 
USSR/West U. S. 11 11 22 
7- -75 137 
B. To Western Europe 10 10 20
 
C. To Japan 25 25 50
 
Total Ship Requirement 97 110 207
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With LNG being a mixture of methane, heavier hydro-carbons, nitrogen
 
and some lighter gases, the composition of the liquid can be substantially
 
different depending on the source, time in transit, and time in storage.
 
The effect of weathering is important to more accurately predict LNG
 
properties 'such as density, composition, and heating value.
 
Long-term operating experience, an important factor in any shipowner's
 
mind, is still an extremely rare commodity in the LNG business.
 
LNG ship prices will not be reduced below their present levels and,
 
in fact, will probably continue to rise. This means that transportation
 
costs in any LNG scheme will continue to account for a very large share
 
of the total price of delivered gas; as high as 50% or more. It is highly
 
significant to note that ship capital costs account for about 80% of total
 
charter hire costs. Shipbuilding prices are all-important in any LNG import
 
scheme, and in some cases will be determining.
 
The high costs of LNG importation makes it necessary that long term
 
contracts be established between importers and suppliers. This has some
 
security implications in the sense that the small number of facilities makes
 
it much easier for production to be interrupted than is true for crude
 
petroleum production and export.
 
The major environmental concerns are the human health and safety
 
impacts of any accidental spill or fire associated with, transporting huge
 
amounts of LNG.
 
In summary, against the above mentioned disadvantages, LNG has
 
several advantages and a number of its properties make its use attractive.
 
Ithas an octane rating well above 100 without the addition of antiknock
 
additives, it is clean burning and produces minimal air pollution, its
 
specific~energy per pound is.15% greater than gasolines, and it can be
 
used as an engine coolant before it is burned as a fuel.
 
D.4.5.5 DEREGULATE NATURAL GAS PRICES
 
As mentioned in Chapter 4, Section 4.5. , the American Gas Association has
 
developed an elaborate computer simulation model called TERA (Total Energy
 
Resource Analysis). Table D.4.5.5-1 summarizes the results on one simulation
 
that assumed:
 
New natural gas prices are deregulated in 1975.
 
Old gas prices would follow current contractual agreements.
 
As a result of deregulation, gas prices jump this year and rise
 
thereafter with the 55% inflation rate.
 
It is obvious that $11/bbl. oil evokes more gas production response as
 
well as higher gas prices. Supplemental sources (such as imports and syngas)
 
which are used to cover demand shortages are less important under the $11 oil
 
prices. With reference to residential space heating, natural deregulated gas
 
remains the cheapest per-BTU source of energy, These results must, of course,
 
be qualified by the assumptions mentioned above. (Of special importance are
 
TABLE D.4.5.5-1 NATURAL GAS PROJECTIONS [AGA-75J
 
Prices of a 

New Gas
 
($/Mcf) b 

National
 
Average a 

Price
 
($/Mcf) b 

Total a 

Production
 
(Tcf) b 

Total a 
Marketed c 
(Tcf) b 
Demand a 

Shortage
 
(Tcf) b 

Comparison for Gas
 
Hpc~ Gs a
eating:
Space ea  b 

National Average h2 Oil 

Price ($/MMBTU) Electricity 

a. BTU equivalent to $7.50/bbl. oil.
 
b. BTU Oquivalent to $11/bbl. oil.
 
1975 

1.28 

1.96 

.44 

.55 

21.4 

21.4 

18.1 

18.3 

1.4 

1,6 

1.63
1.73 

2.71 

6.63 

1980 

1.67 

2.56 

1.03 

1.56 

22.1 

23.3 

21.8 

22.7 

4.4 

4.0 

2.63
3.04 

3.61 

8.43 

1985
 
2.08
 
3.19
 
1.72
 
2.66
 
23.9
 
25.9
 
27.6
 
29.2
 
8.8
 
1.8
 
3.60
 
4.30
 
4.84
 
10.82
 
c. The ifference between total production and total marketed is that all process losses are
 
subtracted and all imports and syngas added to the latter.
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the one~shot jump in natural gas prices, and, after thatjump, the constant
 
'RELATIVE prices (i.e., they all go up at 5.5% per year) of gas, oil and
 
electricity to 1985.) A more careful scrutiny of the AGA model could not
 
have been undertaken due to time constraints.
 
Although calculated under different sets of assumptions, the long-run
 
cross-price elasticities (cf. Section 1.2.1 of Chapter 1) of coal, gas and
 
oil as calculated in Project Independence [PI-74,AII,60] are positive. This
 
means that in most uses the three are substitutes. The same holds true for
 
electricity as it relates to gas and oil.
 
Figures 1.2.1-1 and 1.2.1-2 in Chapter 1 show schematic diagrams of consumer
 
and producer activity respectlvely. They combine energy resources with
 
material goods and services to generate their desired outputs. The producer

activity diagram may also depict energy producers themselves. This gives us
 
the :key to both the supply and demand -forces that, under government regulation,
 
determine market pri-ces.
 
In a true interacti-ve model, as the price of natural gas goes up, the
 
demand for it will go down. The demand for coal and oil would initially

increase if their prices have not immediately changed. As a result of
 
increases in demand, the prices of coal and oil are expected to increase.
 
As natural gas prices increase, supply will go up. In conjunction with
 
increases in oil prices, exploration and production of oil and associated gas,
 
as well as non-associated gas, will increase. In response to higher coal prices,

coal supplies will increase. The technological and economic feasibility of
 
these supply increases are discussed elsewhere in this report.
 
In a dynamic-interactive model, the activities of the preceding period

have important influence on the current one. Hence, depending on the
 
RELATIVE prices of coal, gas, and oil, consumers and producers will substit6te
 
energy sources. As noted elsewhere, these substitutions involve varying

degrees of back-up technologies. Since it cannot compete with the more
 
sophisticated computer models of other studies such as Project Independence

(even they admitted to the shortcomings of partial analysis), this report will
 
contain no projections on substitutions by the various economic agents.
 
Furthermore, the energy industry group was not disposed to juxtapose
 
assumptions, and try to predict the uncertain future.
 
The economic impacts of derequlation beyond those related to other energy
 
sources will most likely be:
 
Energy price increases may directly and indirectly erode
 
purchasing power.
 
Domestic inflation may cause Americangoods to be less attractive
 
on world markets.
 
There may be less reliance on OPEC oil.
 
Alternative (diversified) sources may become more attractive as
 
fossil-fuel prices rise.
 
Employment patterns will most likely shift.
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Purchasing power is increased directly by the fuel price increases and
 
indirectly in those industries that use these energy resources as intermediate
 
inputs. The poor bear a heavy burden during periods of real income erosion.
 
IfAmerican inflation (including that induced by energy price increases) is
 
greater than that of other countries, U.S. goods will be relatively more
 
expensive. Our balance-of-trade may be affected in a negative direction. The
 
reverse effect would be the result of a decreased dependence on the currently
 
high-priced Arab oil.
 
Alternative sources (for example, oil shale, syngas, synoil, solar, wind,
 
geothermal) may become more attractive as the BTU-equivalent prices approach
 
-or even slip below the analogous prices of the fossil fuels.
 
Ifaccelerated development takes place infossil fuel industries, the
 
demand for engineers and other manpower will obviously increase. Coal and
 
uranium mining areas will be attracting workers from other areas and occupa­
tions. High gasoline prices may have detrimental effects on the auto
 
industry, causing more unemployment there. Airlines may experience the same
 
phenomenon.
 
It is difficult to speak of a manpower shortage during times of high

unemployment, except possibly the higher skill levels.
 
The environmental impacts are those associated with the increased
 
exploration, production, transpoyrtalon, processing, conversion, distribution,
 
and end-use consumption of fossil fuels.
 
The political and social impacts are more difficult to assess. International
 
politics may change if the U. S. decreates its reliance on foreign energy
 
sources. Occupational and geographical shifts and of decreasing purchasing
 
power in the presence of probable increases in energy industry profits may have
 
severe social impacts. The interaction of big energy concerns with government

in terms of influence on each other may have important political consequences.

Along with electric utilities, big fossil fuel companies will probably induce
 
a strong central government to deal with them. The implications of the latter 
are far-reaching and basically beyond the competence of this group to determine.
 
Deregulation of natural gas prices (or gradual increases in the inter­
state price ceilings) may occur in the near future. By causing energy prices
 
to rise, itmost likely will reduce their consumption. Higher relative prices
 
may also induce substitution for scarce fuels. Coal itself and electricity

from coal and nuclear fuels may replace oil and natural gas. Higher prices
 
may finally cause consumers and producers to employ more efficient energy­
using systems.
 
These conservation gains, as well as other good aspects of deregulation,
 
must be weighed against the negative effects of higher prices. One might

predict that high domestic prices of oil may lead to a policy of "drain
 
America first-ism". This secondary impact of gas deregulation must also be
 
considered before the final decision on it is made. At the present time, the
 
U. S. Congress has been largely against the higher prices concomitant with
 
deregulation. The Ford Administration favors the implications of conserva­
tion in deregulation. The debate is a heated one.
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APPENDIX E. CONSERVATION AND THE INDUSTRY SECTOR
 
The industry task group has prepared a detailed background for chapter

5 which is presented in Appendix E. It is intended to present the detailed
 
methodology used in the assessment of conservation in industry.
 
E.1 INTRODUCTION
 
E.1.1 SYSTEM DIAGRAM
 
The Figure E.1.l-l shows a representative system diagram for the purpose
 
of organizing and displaying the task of assessing the conservation
 
potential in industry. Thefirst, second, third and fourth requirements
 
are shown in Figures E.l.l-2, E.l.1-3, E.1.l-4 and E.l.l-5.
 
The process indicated in each diagram can be divided into four phases:
 
Phase I - The definition of the objective; 
Phase II - The establishment of requirements; 
Phase III- Determination of alternatives to the requirements;
 
Phase IV - Tradeoff analysis to determine the final result 
CAPSULE DESCRIPTION
E.1.2 

E.l.2.1 FOOD AND KINDRED PRODUCTS (SIC 20)
 
Food and Kindred Products is an industry characterized by diversity
 
among its subcategorie. The five food industries (listed below) selected
 
by the EEA study, which was based on a study performed by the Conference
 
Board for the Ford Foundation's Energy Policy Project, accounted for about
 
30% of the energy consumed by the entire food industry
 
Meat Packing
 
Output is expected to grow by 3.0% over the period 1975 to 1990.
 
Energy consumption per unit of output will decrease at a rate of about
 
18% per year. Based on these projections net total energy consumption
 
inmeat packing will increase by roughly 2.8% per year. TEEA-74, 7-6]
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Fluid Milk
 
Economies of scale associated with larger plants have resulted in
 
the reduction of the number of fluid milk establishments by almost one­
third with an accompanying reduction in energy requirements per unit of
 
output.
 
A large drop in energy consumption per unit of output between 1954 and
 
1958 was the result of the switch from transport by cArs to tanker trucks.
 
Canned Fruit and Vegetables
 
The projected growth rate isabout l%/year. The energy input/output
 
ratio is expected to remain constant after 1980.
 
Frozen Fruits and Vegetables
 
Both production growth rates and energy consumption have been rising

rapidly. The projected growth rates to 1990 is 7.0% per year. [EEA-74, 7-12]
 
Bread and Other Bakery Products
 
Since 1954, the energy/output ratio has decreased steadily which is
 
partly the result of a trend to softer breads and continuous baking processes

and of major process innovations. From 1954 to 1967 the energy/output ratio
 
dropped at a rate of 2.5%/year. [EEA-74, 7-15] The projected growth rate
 
of energy consumption is 3.1% per year between 1975 and 1990. [EEA-74, 7-16J
 
E.1.2.2 PAPER INDUSTRY (SIC 26)
 
Paper and paperboard are manufactured in two distinct steps: pro­
duction of pulp, which is essentially a chemical process, and refining

of pulp into paper or paperboard, which is essentially a mechanical
 
process.
 
Some 85% of all pulping is done by chemical or semichemical means,
 
and of the chemical processes, the alkaline sulphate or kraft process is
 
the most commonly used and the most rapidly growing. Pulp is then
 
refined into paper-or paperboard to generate opacity and to improve

strength and feel.
 
The pulp and paper industry generates two by-products that are used
 
as fuel for the production of steam: bark and black liquor. Bark must
 
be removed from the logs because of its low fiber value, and it is
 
usually burned inbark boilers. Black liquor is the spent cooking liquor

from the digester, a solution of inorganic chemicals (essentially
 
sodium sulfide and caustic soda) and organic matter (lignin). The chemicals
 
are recovered by evaporation, and the organic matter is burned inthe
 
recovery furnace producing thereby a substantial share of the mill's
 
steam requirements.
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E.1.2.3 CHEMICAL AND ALLIED PRODUCTS INDUSTRY (SIC 28)
 
The Chemical and Allied Products Industry Produce over 900 different
 
chemical products including basic organic chemicals and synthetic organic
 
i-ntermediates. One measure of the chemfcal industry is that it furnishes
 
many other industries with essential materials, basic inorganics and many
 
finished products. The output of the chemical industry has been increasing
 
rapidly; historical trends predict an increase in production index of
 
450% over the period of time from 1972 to '2000. Another measure of the
 
importance of the chemical industry is that is was estimated to run a 5
 
billion dollar favorable balance of trade in 1974. [10-75,90] Demand
 
for chemical products is expected to remain strong. Dollar sales of
 
chemical products are anticipated to increase more than 67% between 1974
 
and 1980 ($11.9 billion to 20 billion).
 
E.1.2.4 PETROLEUM INDUSTRY (SIC 29)
 
The petroleum industry is a highly complex multi-product industry
 
employing numerous processes in-series to convert crude oil into refined
 
products.
 
A generalized description of an overall refinery is shown in Figure E.l.2-1.
 
Over the past 30 years, the refining industry has undergone rapid growth

and significant technological change. The changes in technology have
 
been aimed at increasing the yield of light petroleum products and
 
improving product quality.
 
The rise inthe domestic production of gasoline and distillate fuel
 
oil at the expense of residual fuel led to the development of processes
 
to convert heavy fractions into lighter products. These processes include
 
thermal cracking and coking followed by catalytic cracking and hydro­
cracking. A typical refinery uses eight processes described in some
 
detail by EEA [EEA-74]: crude distillation, vacuum distillation, coking,

fluid catalytic cracking, catalytic reforming, alkylation, and naphtha

and distillate hydrotreating.
 
Capacity and output of oil refineries has continued to grow despite
 
a decrease in the total number of refineries in operation (see Table E.l.2-1)
 
tn 1960, 290 refineries were needed to produce 3,119 million barrels of
 
oil.- Thirteen years later (1973), 253 refineries processed 4,726 million
 
barrels [P.I.T.F.R.L.-74, 82]. This significant increase in output with
 
fewer refineries is largely the result of improved refining technology

and larger and more highly automated facilities.
 
E-I.2.5 STONE, CLAY, GLASS (SIC 32)
 
Hydraulic cement and glass containers are the major energy
 
consumers in SIC 32.
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[PRENGLE-75]
 
M, 
TABLE E.1.2-1. Co 
EMPLOYMENT AND OUTPUT OF PETROLEUM REFrNERIES, 1960, 1965, AND 1968-73 [P.I.T.F.R.L.-74, 83J 
YEAR 
MANPOWER 
Employment Percent Change/ 
PRODUCIONin 
Output Percent Change1/ 
Percent 
Refinery 
Capacity 
Number
of 
Refineries 
Output per 
All Employee
Iran-hour 
Uan-100) 
(000's) '(millons of barrels) 
1960 177.2 -2.3 3119 1.6 1.0 290 62.7 
1965 148.1 -1.0 3527 2.6 1.0 273 90.5 
1968 150.1 1.5 4037 5.5 7.3 270 103.0 
1969 144.7 -3.6 4149 2.8 3.6 264 107.0 
1970 153.7 6.2 4252 2.4 2.6 262 107.6 
1971 152.7 .7 4379 3.0 6.5 253 113.2 
1972 150.8 -1.2 4593 4.9 3.0 250 125.7 
1973 147.3 -2.3 4726 2.9 3.4 253 137.0 
._/ From previous year 
Scu rce: Bureau of Labor Statistics and Bureau of Mines 
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Hydraulic Cement
 
The cement industry is relatively small, but very energy
 
intensive and has great potential for energy savings. [PCA-74]
 
The production of cement involves the following principal
 
operations:
 
Raw materials acquisition
 
Preparation of raw materials
 
Clinker production
 
Grinding and mixing-of product cement
 
The acquisition of raw materials provides lime, silica, and
 
alumina. The preparation of raw materials in the mixing of the materials
 
iseither wet or dry form. The key process is the calcining in a rotary
 
kiln to produce clinkers. The final stage isthe grinding of the clinkers
 
into powder and the introduction of additives. A flow chart is shown in
 
Figure E.1.2-2.
 
Glass Contdtners
 
Between 1967 and 1972, output doubled. The main reason for growth
 
was the substitution of non-returnable for returnable bottles. Non­
returnable bottles captured over 85% of the drink market. Growth will
 
sl-ow considerably during the next few years as the replacement of
 
returnable bottles with non-returnables reaches completion. [EEA=74]
 
The manufacturing of glass containers has three major energy consuming
 
steps: (1)melting the raw materials, C2) refining the molten glass and
 
(3)finishing. Melting accounts for roughly 75% of the total energy
 
consumed, refining 5% and finishing 15%. The remaining 5% is consumed
 
by auxiliary equipment.
 
E.1.2.6 PRIMARY METALS (SIC 33)
 
On a net energy consumption basis, primary metals industry accounted
 
for approximately 28% of the total energy consumption within the industrial
 
sector. The primary metals industry is composed of steel manufacturing,
 
iron and steel foundaries, smelting and refining of nonferrous metals,
 
rolling and drawing and nonferrous foundries. Fabrication of metal pro­
ducts is excluded for this two-digit industry classification. This study

focuses on steel and aluminum manufacturing as they account for 87% of
 
the total energy consumption in primary metals. [EEA-74,1-67]
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Steel 
The production of steel involves mining, smelting and refining.
 
The mining operation consists of open pit mining of the ore magnetite,
 
hemitite, and limonite, and subsequent benefication and agglomeration
 
of the ore. The smelting process is the chemical reduction of the ore
 
inthe blast furnace to pigiron. An important part of the blast furnace
 
charge iscoke. Coke is formed by the retort method of heating crushed
 
coal, removing the volatile products, and quenching the resultant coke.
 
The refining of pigiron into steel involves the removal of carbon and
 
other impurities by oxidation in a furnace. The refining process is
 
identified by the type of furnace: the open hearth furnace, the basic
 
oxygen furnace, the electric furnace. The semifinishing of steel is
 
the production of ingots from molten steel. An important ancillary
 
process in the refining stage is the production of oxygen from the
 
oxidation process.
 
Aluminum
 
The production of aluminum consists of mining of bauxite, refining
 
into alumina and smelting of alumina into aluminum.
 
The mining operation is the open pit extraction of hydrated alumina­
bauxite. The Bayer process is used to refine bauxite. The refinement
 
is digestion in caustic soda and removal of the insoluable components.
 
The smelting of the alumina into aluminum is a reduction process by
 
electrolysis --the Hall-Heroult process. Figure E.1.2-3 diagrams the
 
process.
 
E.2 INDUSTRY ENERGY CONSERVATION
 
E.2.1 FOOD AND KINDRED PRODUCTS (SIC-20)
 
As in other areas of the industrial sector, assessment of energy
 
conservation inthe agriculture and food processing area isdifficult
 
because of the diversity of the industry. In addition, the breakdown
 
for energy consumption isdifficult because there is no consensus of
 
opinion as to the way energy usage should be charged to an industry.
 
For example, according to the National Petroleum Council, agriculture
 
and food processing energy usage is approximately 12% of the total
 
U. S. industrial energy consumption, or approximately 3.2 uads
 
annually. Energy consumption on the farm isabout 30% of the total agri­
culture and food processing industries usage, or equivalent to about
 
1 quad annually. Food processing uses the remaining 2.2 quads.
 
[NPC-75, 37] On the other hand, the EEA study assumes that food and
 
kindred products account for only 5% of the total manufacturing energy
 
consumption. [EEA-74, 7-2]
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To add to the confusion or perhaps enlightenment, Dr. Bill Wortham
 
has assumed that one should look at energy consumption in different terms.
 
That is, input/output analysis was used to try to account for the amount
 
of energy used in producing a particular product. The input/output
 
model discussed in Appendix C is an even more comprehensive effort to
 
analyze the consumption of energy used in producing various products
 
and services. If the remaining products are grouped into logical consump­
tion sets and if their energy is normalized by dividing by the 45.42% of
 
the energy used in their production, Table E.2.1-1 shows the result.
 
Careful consideration of the above data may give a better understanding
 
of why the U. S. consumes so much more per capita than other nations.
 
Additional breakdown of the data showed that at least 40% of our food energy
 
is invested in high protein foods. Probably no other nation expends this
 
kind of energy in providing food.
 
A first cut examination of this data suggests that we as a nation
 
might reduce our energy consumption by either changing our diets or becom­
ing more efficient in the production of high protein food. [Wortham-75]
 
In this section we will be concerned with approaching energy consump­
tion in the food sector in the traditional way. Food and Kindred
 
Products is characterized by diversity among its subcategories in terms
 
of historical and current energy/output coefficients, current and projected
 
growth rates, and potential energy-saving technology. The industry in toto
 
exhibits low growth rates and low energy consumption (see Figure E.T.-W-T.
 
Fuels are primarily used for producing steam and hot water at temper­
atures below 4001F which is used in the various manufacturing processes
 
and for providing space heat. Electricity is used for driving machinery,
 
process equipment, and refrigeration equipment.
 
Total energy per unit of th 2production index has declined from 9.17 x
 
1012 BTU/J dex unit to 8.61 x 10 BTU/index unit, and a further decline to
 
7.85 x I0'I BTU/index unit in the year 2000 has been projected. [West-75,C-4]
 
The use of coal has declined from 30% to 14% of the total while the use
 
of gas has increased from 45% to 58%. Purchased electricity has increased
 
from 8.5% to 12.2%. The use of electricity is expected to continue past
 
trends and increase to 22.5% in the year 2000 due to increased processing
 
requirements and some substitution of electric heating for fuel heating.
 
Oil use is expected to decline to 15% and coal consumption is expected to
 
be phased out by 1980. Gas consumption was calculated as the difference
 
between total energy consumption and the contribution of coal, oil and
 
electricity.
 
E.2.2 CONSUMPTION STATUS PAPER
 
The Paper and Allied Products Industry consumed about 1.095 quads of
 
energy in 1967 according to [SRI-72,124]. This figure is based on electricity
 
at 3413 BTU/kWh. [EEA-74,I-23] gives 1967 energy consumption at about
 
2.20 quads. [EEA-74,2-3] gives 1971 energy consumption at 1.315 quads. This
 
TABLE E.2.1-1. CONSUMPTION SETS
 
Category % of Delivered Energy
 
Food and Beverage 32
 
Transportation, Products and Services 16
 
Drugs and Service 14
 
11
Shelter 

9
Clothing 

6
Furniture and Appliances 

Religious and Educational 4
 
2
Communications 

6
Other 

T9U
 
16 
15 
14 
13 
12 
11 _V05 
%4 
1964 1958 1962 1996 1970 1974 1978 1982 1to8 
ENERGY CONSUMPTION FOR FOOD &KINDRED PRODUCTS 
(DATA FROM EEA-74, 1-30) 
FIGURE E.2.1-1. 
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comes to 31.98 MBTU/$VA. Of this 1.315 quads, 1.196 quads was purchased fuels
 
other than electricity. Ifthe use of process waste is included, the figure
 
for 1967 usage is about 2.08 quads. [PFE-74,59] The breakdown of the energy
 
use according to this same report is (million BTU per ton of product):
 
Heat 19.5
 
Electricity (fuel equivalent) 5.0
 
Waste 14.5
 
Total 39.0
 
A different breakdown of fuel sources from the same report is:
 
Waste products 37%
 
Purchased fuels 50%
 
Purchased electricity 13% (10,000 BTU/kwh)
 
100%
 
A breakdown of the end use of fuel by form and process is [PFE-74,61]:
 
Pulping (Steam) 58%
 
Paper Making (Steam) 17%
 
Pulping (Electricity) 20%
 
Paper Making (Electricity) 5%
 
100%
 
E.2.3 CHEMICAL INDUSTRY CONSUMPTION STATUS
 
The historic energy consumption pattern of the chemical industry is
 
given in Table E.2.3-1. The chemical industry is a large energy user.
 
Only petroleum refining and primary metals consumed more total energy
 
than chemicals production in 1971. Because of the rapid growth anticipated
 
for the industry, Table E.2.3-1 projects that by 1985, the chemical industry
 
will be the 'largest energy user in the industrial sector. Because of this
 
and because their industry supplies many intermediate products to other
 
industries, energy conservation measures in the chemical industry should
 
have far reaching effects. The majority of the energy consumed by the
 
chemical industry was non-electric. Table E.2.3-1 shows that nearly
 
9D% of the energy consumed in 1971 was direct fuel use. Over 70% of
 
the fuel used was natural gas. [West-75,C-26]
 
TABLE E.2.3-1. HISTORICAL AND PROJECTED ENERGY REQUIREMENTS: 1954-1985 [10-75] 
T1 a 1954 1958 1962 1967 1971 1975 1977 1980 1985 
Total Manufacturing (Trillion 
BTU) 9826 10693 12501 14765 15940 19092 20641 22211 25580 
Fuel (Trillion BTU) 9187 9836 11301 13315 14179 16838 18166 19401 22147 
Electricity (Trillion BTU)
Value added (Billions 1967/$VA) 
639 
139.8 
862 
153.29 
1200 
192.03 
1450 
261.98 
1761 
301.56 
2184 
390.66 
2475 
441.68 
2809 
505.72 
3432 
611.05 
Energy/Output (Thousand BTU/$VA) 70.29 69.79 . 65.1 56.36 52.86 49.12 46.73 43.92 41.86 
Fuel (Thousand BTU/$VA) 
Electricity (Thousand BTU/$VA) 
65.72 
4.57 
64.16 
5.62 
58.86 
6.25 
50.82 
5.53 
47.02 
5.84 
43.1 
5.59 
43.13 
5.60 
38.36 
5.55 
36.24 
5.62 
Total Six High Energy Con­
suming Industries 8351 9210 10672 12385 13226 15554 16595 17554 19978
 
Fuel (Trillion BTU) 7902 8577 9904 11393 12070 14081 15012 15772 17784"
 
Electricity (Trillion BTU) 449 633 768 992 1156 1410 1583 1782 2196
 
Value Added (Billions 1967/$VA) 51.66 59.02 72.20 93.66 101.91 130.49 144.18 163.42 199.16
 
Energy/Output (Thousand BTU/$VA) 161.65 156.02 147.65 132.23 129.78 119.20 115.10 107.42 100.31
 
Fuel (Thousand BTU/$VA) 152.96 145.3 137.02 121.64 118.41 107.9 104.12 96.51 89.30
 
Electricity (Thousand BTU/$VA) 8.69 10.72 10.63 10.59 11.34 10.8 11.00 10.90 11.03
 
Food & Kindred Products (SIC20) 805 766 803 767 920 912 939 1001 1154
 
Fuel (Trillion BTU) 764 712 738 684 800 806 830 885 1018
 
Electricity 41 65 120 106 109
54 83 116 136
 
Value Added (Billions 1967 $) 16.96 19.66 22.44 26.62 28.77 32.95 34.80 38.08 43.86
 
Energy/Output (Thousands BTU/$VA) 47.46 38.96 35.78 28.81 31.98 27.68 26.98 26.29 26.31

Fuel 45.05 36.22 32.89 25.69 27.8 24.46 23.85 23.24 23.21

Electricity 2.42 2.75 2.9 
 3.12 4.17 3.22 3.13 3.05 3.10
 
Paper & Allied Products (S026) 548 806 929 1156 1315 1276 1325 1415 1473
 
Fuel (Trillions BTU) 
 611 763 871 1067 1196 1120 1166 1235 1250
 
Electricity 37 58 119 148 159 215
43 88 180
Value'Added (Billions 1967 $) 5140 6030 7460 9756 11356 13893 14897 16614 19697
 
Energy/Output (Thousands BTU/$VA) 126.07 133.67 124.53 118.49 115.8 91.8 88.9 85.2 74.8
Fuel 118.87 125.53 116.76 109.37 105.32 81.2 78.27 74.33 63.87
Electricity 7.2 7.77 10.48 10.65 10.67
7.13 9.02 10.83 10.92
 
Chemical & Allied Products
 
(S1C28) 1359 1634 1969 2598 2783 3757 4428 4822 6175
 
Fuel 1201 1342 1661 2272 2443 3301 3864 4180 5293

Electricity 158 292 308 326 340 456 564 642 882
 
Value Added 8.47 11.30 15.78 23.55 29.08 40.31 47.78 57.39 76.68
 
Energy/Output 160.44 144.6 124.78 110.32 95.7 93.2 92.7 
 84.02 80.5
 
Fuel 141.79 118.76 105.25 96.48 84.0 81.9 80.9 72.8 69.0
 
Electricity - 18.7 25.04 19.52 13.84 11.7 11.3 11.8 11.2 11.5 
Petroleum & Coal Products
 
(5IC28) 1761 2020 
 2316 2556 2956 3359 3409 3507 3869 
Fuel 1741 1990 2275 2502 2877 3268 3324 3412 3759 
Electricity 20 30 41 54 79 91 85 95 110
 
Value Added 3190 3710 4440 5420 6559 8121 8555 9233 10340
 
Energy/Output 552.04 544.47 521.62 471.59 451 413.6 398.0 380 374

Fuel 545.77 536.39 512.39 461.62 439 402.4 308 370 364

Electricity 6.27 
 8.09 9.23 9.95 12 11.2 10 10 10.6 
Stone, Clay, & Glass Products
 
(5IC32) 905 945 1056 1229 1367 1440 1530 1647 1700
 
Fuel 874 904 1003 1162 1291 1338 1417 1517 1649 
Electricity 31 41 53 67 76 102 113 130 139Value Added 5130 5890 6940 8333 9325 10641 11716 13099 15316 
Energy/Output 176.41 160.44 152.16 147.49 146.6 135.3 130.6 125.7 116.7

Fuel 170.37 153.48 144.52 139.45 138.4 125.7 120.9 115.8 107.7
Electricity 6.04 6.96. 7.64 8.04 8.2 9.6 9.6 9.9 9.1 
Primary Metals Industry (S1C33) 2873 3049 3599 4080 4030 4810 4964 5162 5519
 
Fuel 2711 2876 
 3356 3706 3613 4304.2 4410.9 4543.3 4805.4
 
Electricity 162 
 173 243 374 417 505.8 553.1 618.7 713.5
Value Added 12.77 12.44 15.22 19.98 18.95 24.58 26.42 29.01 33.26
 
Energy/Output 224.98 245.1 236.47 204.2 212.6 195.7 187.9 177.9 165.9
 
Fuel 212.29 231.2 220.5 185.49 190.6 175.1 167.0 156.6 144.4 
Electricity 12.69 13.91 15.97 18.72 20.0 20.6 20.9 21.3 
 21.5
 
Energy Consumed by All
 
Other Manufacturing 1475 1488 1829 2300 2714 3538 4046 4657 5602
 
Fuel 1285 1259 1397 1922 2109 2757.8 3154 3629 4365
 
Electricity 
 190 229 432 458 605 780 892 1027 1236
 
Value Added 88.14 94.26 119.75 168.32 199.05 260.17 297.5 342.4 411.9
 
Energy/Output 16.73 15.79 16.1 14.1 13.6 13.6 13.6 13.6 13.6

Fuel 14.58 13.36 11.7 11.4 10.6 10.6 10.6 10.6 10.6
 
Electricity 2.16 2.42 3.6 2.72 3.0 3.0 3.0 3.0 3.0
 
E-17 
E.2.4 PETROLEUM REFINING (SIC 29)
 
Energy Consumption Status
 
Although the complexity of U. S. refineries has increased, energy
 
consumption per barrel of output has remained fairly constant. Figure
 
E.2.4-1 shows the growth in refined product output and the historical
 
energy/output ratios. On a volumetric basis output grew at roughly 3.6%
 
per year from 1947 to 1971, but currently energy consumption p6r barrel of
 
output isalmost the same as in 1947. Invalue terms, output has grown
 
at 4.4% per year, with energy consumption per dollar of output declining
 
by .7%per year. [EEA-74, 4-10]
 
There are two major reasons for the observed stable energy/output
 
ratio which has been maintained over the last twenty-five years inspite
 
of substantial increases inrefinery complexity. One reason has been the
 
gradual replacement of energy intensive thermal processes by catalytic
 
processes. Thermal cracking, for example, requires almost 250 times as
 
much energy per barrel of throughput as does fluid catalytic cracking.
 
[EEA-74, 4-11]
 
A second reason for industry's ability to maintain its historical
 
energy/output ratio has been the continual refinement and improvement of
 
standard refining techniques. As the science of petroleum refining has
 
matured, improved process design and control as well as increased integra­
tion of refining operations have helped to reduce energy consumption and,
 
on a per unit operation basis, the consumption of energy has decreased.
 
Three factors have been identified as likely to determine future
 
energy consumption-levels inthe refining industry: (1)the degree of
 
emphasis placed on conservation efforts; (2)domestic policy towards
 
imported finished products and crude oil; and (3)future product
 
specifications. The EEA study assumes that combining non-capital and
 
capital intensive energy conservation measures can result in a savings
 
of 15% from 1971 consumption. [EEA-74, 4-29] This study also assumes
 
that the effect of domestic petroleum import policy on process energy
 
requirements will be neutral. The third factor - future product
 
specification - is extremely important since there is a direct relation­
ship between product quality and energy consumption. Each of these areas
 
was discussed at some length inthe EEA report.
 
Energy is usedin the refining process in three ways: (1)the
 
raising of steam; (2)direct process heat, and (3)electricity for pumps
 
and motors.
 
As can be seen by the bar graph in Figure E.2.44, the.most energy
 
consumptive processes are alkylation and thermal-cracking (obsolete)
 
followed by catalytic reforming and coking. Alkylation and catalytic
 
reforming have been growing as a percent of crude capacity. This trend
 
will probably continue because both processes can be used to produce
 
high octane unleaded gasoline, which will become increasingly important
 
in the future as the use of tetraethyl lead isreduced. [EEA-74, 4-12]
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A comparison of the three areas of energy requirements for a simplified
 
representative refinery are shown in Table E.2.4-l. According to the EEA
 
study, direct process heat requirements account for 78% of total energy
 
usage, followed by electricity at 12% and steam raising at 10%. On the
 
other hand, the Prengle study [Prengle-75, 4-9] and the Stanford Research
 
Institute Report rSRI-75,] indicate a different breakdown of these
 
percentages. The fact that Prengle's study is limited to refineries in
 
Texas could explain the discrepancies inthe data.
 
However, the wide variation indata may simply be a result of the
 
diversity of the industry and the assumptions made by the various
 
assessing groups as to the requirements for a typical refinery. This
 
is indicative of the difficulty involved in trying to assess the potential
 
for conservation in industries as complex as the refining industry.
 
E.2.5 STONE, CLAY AND GLASS CONSUMPTION STATUS
 
The historic energy consumption pattern is shown in Table E.2.3-1-

The industry has some flexibility and there are possibilities for substit­
ution of fuel.
 
E.2.6 PRIMARY METALS
 
The historic energy consumption pattern is shown in Table E.2.3-1,
 
The primary metals industry is the largest consumer in the manufacturers
 
sector.
 
E.2.7 ENERGY CONSUMPTION - BY ENERGY SOURCE
 
Table E.2.7-1 displays the source of energy purchased by six
 
manufacturing industries for1967. Data are from [CAC-75].
 
E.2.8 ENERGY CONSUMPTION -- AN ALTERNATIVE MEASURE
 
In assessing energy consumption, attention has focused on the total
 
BTU's each industry purchases. Industry uses this energy to produce its
 
total output which is divided into sales to intermediate and final markets.
 
All production, either directly or indirectly, goes to satisfy final
 
demands. This suggests that an alternative measure of energy consumption
 
of an industry would be the direct energy plus the indirect energy needed
 
to meet its final sales. Indirect energy is the energy required to produce
 
the intermediate products an industry consumes. For example, steel is an
 
intermediate product used in automobile manufacturing. The energy required
 
to produce that steel would be charged to the automobile industry. The
 
advantage of this accounting scheme is that it captures immediately the
 
direct and indirect effects of a change in final sales. Ifconsumers
 
demanded -- or were required to buy -- smaller automobiles, the direct
 
impact on the economy would be a shift in the size composition of vehicles.
 
-E-Z-O
 
TABLE E.2.4-i. DISTRIBUTION OF ENERGY IN A REFINERY
 
% of Total Consumed
 
Prengle-75* EEA-74 SRI-75 
Direct Process Heat 60 78 60 
Steam Generation 25 10 34 
Electricity Generation 15 12 6 
*Prengle's study is confined to refinery operations in Texas
 
TABLE E.2.7-l. PURCHASED ENERGY [CAC-75]
 
COAL 
REFINED 
PETRO-
LEUM 
ELECTRIC 
UTILITIES 
NATURAL 
GAS 
UTILITIES TOTAL 
SIC. 26 
Paper & Allied Products 3.6x10'4 3.1xlO1 4  8.8x10 13 4.OxlO' 4 1.2xlO' 5 
SIC 20 
Food & Kindred Products 2.0x10 4 2.0O1014 9.2xi013 4.5xi014 9.2xi014 
SIC 28
 
z4
Chemical & Allied Prod. 2.5xl0 4.9xlO'4 3.3x]0 14 1.SxlO'5 2.9xlO15
 
SIC 29
 
Petroleum Refining 4.3x1013  l.9xlO15  5.4xi013 9.9xi014 2.9xlO15
 
SIC 32
 
14 
Stone, Clay, Glass 3.2x014 1.3xli4 6.7x1013 7.0x10 1.2xlO15
 
SIC 33
 
Primary Metals 2.5x102 5 2.9x10'4 3.7xl114 l.3xlO15 4.4x10 15
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Ifsmaller units required less steel the impact would be a less energy
 
intensive automobile. Note, however, that an indirect reduction in the
 
demand for steel may have negative impacts on the steel industry. What­
ever the eventual repercussions, the initial impact was on the transporta­
tion industry, not on the steel industry.
 
Which industries sell most of their output-to final markets? The
 
ratio of final demand to total output for 13 industry'groups is given
 
below:
 
Food and kindred products .73 
Textiles and Textile Products .47 
Lumber and Wood Products .34 
Paper and Allied Products .19 
Chemicals and Allied Products .30 
Petroleum Refining .48 
Rubber and Rubber Products .37 
Stone, Clay, Glass .08 
Primary Metals .05 
Fabricated Metal Products .12 
Machinery .56 
Electrical Machinery .53 
Transpoftation .67 
Notice that Primary Metals, Stone, Clay and Glass, Paper and Allied
 
Products, and Chemicals sell a majority of their output to intermediate
 
markets. Under the accounting scheme discussed above, it is unlikely
 
these industries will remain the targets of conservation opportunity.
 
The energy cost per dollar of final demand can be computed using the
 
direct requirements matrix of the input-output display. It is possible
 
that an industry has a low BTU/dollar of final product but a large impact
 
on total BTU's. Such an industry is Food and Kindred Products. Most of
 
that industry's output goes directly to final markets. It happens that
 
its final market is the largest of all the industry groups considered.
 
Thus, the potential impact depends on energy per unit of final demand
 
and for the size of the final demand.
 
Assuming such an energy accounting method was adopted, the relative
 
importance (interms of energy consumption) of the 13 industries
 
changes. The rankings are given in Table E.2.8-1. The far-right column
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TABLE E.2.8-1. ENERGY COST (DIRECT AND INDIRECT) PER DOLLAR OF FINAL DEMAND
 
INDUSTRY 

Food and Kindred Products 

Textiles 

Lumber 

Paper & Allied Products 

Chem & Allied Products 

Petroleum Refining 

Rubber 

Stone, Clay, Glass 

Primary Metals 

Fabricated Metal Prod. 

Machinery 

Electric Machinery 

Transportation 

(1967)
 
BTU/$ OF 

FINAL DEMAND (1967) 

DIRECT & INDIRECT 

x10 5 

.71 

.68 

.70 

.91 

2.21 

10.82 

.83 

1.58 

2.57 

1.O9 

.77 

.82 

.80 

TOTAL BTU
 
FOR FINAL DEMAND
 
DIRECT & INDIRECT
 
x10 15
 
5.04
 
1.50
 
.51
 
.78
 
3.09
 
13.93
 
.59
 
.09
 
.63
 
.51
 
2.37
 
.89
 
3.96
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ranks the industries by energy purchased directly. The calculations of
 
the energy cost come from an aggregated I-0 model constructed for this
 
report. While this model was constructed only for illustrations, the
 
numbers compare favorably with estimates published in [CAC-74].
 
The energy costs per dollar of final demand are given in Table E.2.8-2
 
refining (and gas utilities). The relative rankings change.
 
E.3 CONSERVATION STATUS
 
E.3.1 INTRODUCTION
 
This section discusses the current status of conservation and the
 
conservation potential in the six most energy intensive industries.
 
Tables E.3.1-1, E.3.1-2 and E.3.1-3 from the Ford report give estimated
 
energy uses under their three scenarios for industry as a Whole. [Ford-74]
 
Industrial end-use energy consumption accounted for about.23.1 quads
 
in 1972. The major conservation opportunities in the industrial sector
 
include: [PI-7417l]
 
modifying equipment to improve efficiency,
 
adjusting combustion controls and cleaning heat exchange
 
surfaces in furnaces,
 
utilizing waste heat, and
 
utilizing solid wastes.
 
E.3.2 FOOD INDUSTRY
 
E.3.2.1 AGRICULTURE
 
According to the National Petroleum Council's report [NPC-74, 37],
 
short-range conservation can be achieved best through intensive educa­
tional and training programs. The major difficulty is the problem inv6lved
 
in supplying information to the millions of individual farmers. (There
 
are some 2.8 million farms in the United States.) The general procedures
 
to do this exist, however,.and many actions have already been initiated
 
through federal and state agricultural agencies and extension services,
 
universities and agricultural associations. Inthe short term, only 2%
 
savings per unit of output isanticipated. [NPC-75, 38]
 
Over the longer term, the following are areas where possible increased
 
energy efficiencies may be obtained.
 
Development of more efficient and better yielding crops
 
TABLE E.2.8-2. INDUSTRY RANKING ACCORDPNG TO THE ENERGY COST OF FINAL DEMANDS
 
INDUSTRY 

Food & Kindred Products 

Textiles 

Lumber 

Paper & Allied Products 

Chem & Allied Products 

Petroleum Refining 

Rubber 

Stone, Clay, Glass 

Primary Metals 

Fabricated Metal Prod. 

Machinery 

Electrical Machinery 

Transportation 

a) CAC-74
 
TABLE E.3.1-1. 

Historical Growth 

Technical Fix 

Zero Energy Growth 

BTU/$a
 
FINAL DEMAND TOTAL BTU FOR TOTAL BTU
 
(DIRECT & INDIRECT) FINAL DEMAND PURCHASED
 
11 2 4
 
13 6
 
12 12
 
6 8 5
 
3 4 2
 
1 1 3
 
7 10 7
 
4 13 6
 
2 9 1
 
5 11
 
10 5
 
a 7
 
9 3
 
PROJECTED INDUSTRIAL ENERGY USE [Ford-74]
 
1973 1985 
 2000
 
29.5 52.1 
 96.9
 
29.5 40.0 
 63.1
 
29,5 37.9 
 47.0
 
TABLE E,3.1r2. POTENTIAL ENERGY SAVINGS IN THE 

INDUSTRIAL SECTOR (Quadrillion BTU's) [Ford-74]
 
Technical Fix vs. Historical Growth 

1985 2000 

Industrial energy 

use inHG scenario 46 87 

Potential Savings 	 Conservation Measures 

Five energy 

intensive
 
industries 4.3 13.1 	 More efficient production 

processes in paper, steel,
 
aluminum, plastics and cement 

manufacture.
 
Miscellaneous 

process steam 0.5 3.5 Onsite industrial cogeneration

of steam and electricity. 

Miscellaneous 

direct heat 2.9 5.4 Use of heat recuperators and
 
regenerators with direct use

of fuels instead of electric
 
resistive heat. 

Other 	 2.5 7.4 

Total savinqs 10.2 29.4 

Industrial energy

use inTF scenario 36 58 

Note: 	 Only the manufacturing sector's share of energy processing losses
 is included above. 

TABLE E.3.1-3. POTENTIAL ENERGY SAVINGS INTHE
 
INDUSTRIAL SECTOR (Quadrillion BTU's) [Ford-74]
 
Zero Energy Growth vs. Technical Fix
 
1985 2000
 
Industrial energy use
 
inTF scenario 36 58
 
Potential Savings 	 Conservation Measures
 
Aluminum 0.2 0.3 	 Ban aluminum cans
 
-	 0.3 Recycle 75% of available old 
scrap 	(compared to'50% in TF)
 
Steel 0.4 1.0 	 Reduce growth in steel output
 
from 2.5 to 1.5% per year
 
Plastics 1.5 4.7 	 Reduce growth inplastics
 
output (to 2.7% per year for
 
1985-2000)
 
Other 8.4 	 General shift in industrial
 
mix to less energy intensive
 activiti 

Total savings 2.1 14.7
 
Industrial energy
 
use in ZEG scenario 34 43
 
Note: 	 Only the manufacturing sector's share of energy processing losses
 
are included here.
 
m
 
C)
 
en
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Optimization of the use of chemical fertilizers with maximum use
 
of manure and farm by-products for fertilizer
 
Use of "no tillage" or minimum tillage for land preparation and
 
crops where practical
 
Development of crops that are more resistant to insects, disease
 
and birds, thus reducing energy inputs of pesticides and other
 
chemicals
 
Production of specific crops only in regions that give maximum
 
yields per unit of energy input
 
Use 	of natural field drying to the maximum extent possible
 
E.3.2.2 	 FOOD PROCESSING
 
Over three-fourths of the food produced by agriculture is commercially
 
processed before its final use. Significant energy savings in the food
 
processing industry which are possible include:
 
Utilization of wastes and by-products instead of disposal (e.g.,
 
nutshells, fruit pits)
 
Less 	packaging of foods with more bulk handling
 
Education of consumers in energy efficient foods.
 
E.3.2.3 COOKING/STERILIZATION AND REFRIGERATION
 
A major limitation to energy conservation in the food processing
 
industry isthe need to assure the safety of humans and animals. Cook­
ing/sterilization and refrigeration are two high-energy consumption steps
 
in food processing. An estimated 15 to 20 percent, and 20 to 25 percent,
 
respectively, of total food processing energy is used ineach of these
 
processes. Adequacy of the operation is a must to provide nutritious and
 
safe products. Practically all food products contain large amounts of
 
moisture and are thus subject to spoilage. Many cooked/sterilized products
 
must be canned or kept refrigerated. Increased energy efficiency oppor­
tunities exist in these operations. The operations themselves cannot be
 
omitted. under current economic and technical conditions. Improvements
 
infood handling and processing equipment operations are the most promising
 
for short-range energy conservation.
 
Of all the food industries, frozen foods and vegetables are the most
 
technologically innovative with a great variety of production processes.
 
Product improvement has been the motivating force for technological
 
innovations, i.e., some new processes consume more energy than those they
 
replace. Ingeneral,, it is not the product being frozen that determines
 
energy consumption but the method and volume of products frozen.
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Considerations of product quality have led the industry to replace

"sharp freezing" with "quick freezing" of which there are several types.
 
This switch brought a sharp rise in energy consumption to operate fans and
 
other equipment. One quick freezing variant, multiple plate freezers,
 
used relatively little energy but failed to takeover the industry because
 
of the large labor costs involved.
 
The latest innovation has been the use of cyrogenic freezing with
 
liquid nitrogen or other low temperature requirements. In terms of both
 
product quality and greatly reduced energy costs this isthe best method.
 
However, at present, costs are prohibitive since the cost of nitrogen alone
 
for one year often equals the entire investment in another type of freezing

equipment. If the cost of nitrogen drops drastically, which is not
 
expected, energy costs for the industry would also decline radically.
 
Practically all food processing industries have enlarged their energy

conservation programs. An overall energy savings rate of 5 percent per

unit of output, based on year 1972, was achieved by the end of year 1973.
 
An additional 5 percent savings per unit of output should be realized by

the end of year 1974. These savings have required minimal processing

changes and capital investment. [NPC-75, 38]
 
There are further opportunities for significant short-term energy use
 
reductions. Intotal, savings of 10 to 15 percent per unit of output are
 
expected by 1978. Most of these savings require revised processing
 
techniques, energy recovery systems, processing controls, and even some
 
different food products. Most require capital expenditures. [NPC-75, 38J
 
E.3.3 PAPER INDUSTRY
 
The Paper and Allied Products Industry consumed 1.095 quads* of energy in
 
1967 [SRI-72-124], or 11,670 BTU per pound of product. This unit figure
 
represents a 15 per cent reduction since 1958. If the use of process waste
 
is included, the figure for 1967 usage is about 2.08 quads. [PRE-74,59] Several
 
trends and developments that have been observed through 1967 are as follows:
 
[SRI-72,124-126]
 
"Increased use of the sulphate (draft) pulping process, which is -­
generally -- a less energy consuming process than other pulping 
processes. 
Increased use of continuous digesters instead of batch-digesters.
 
Kamyr continuous digesters are estimated by the manufacturer to
 
reduce the steam requirement of cooking by 40% and that of evapora7
 
tion by 15% to 20%.
 
* Electricity converted to BTUs at 3413 BTU per kWh 
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Decreased use of waste paper from 0.28 pounds per pound of paper
 
and paperboard production in 1958 to 0.21 pounds per pound of paper
 
and paperboard production in 1967 and a resulting increase inwood
 
pulp use from 0.73 pounds per pound to 0.78 pounds per pound.
 
Since pulp made from recycled waste paper uses only about one­
fourth of the steam energy and less than one-tenth of the electric
 
energy than that made from wood, declining use of waste paper re­
sults in increased energy consumption per unit of finished product.
 
Pulp yields increased from 96% in 1958 to 98% in 1967, resulting
 
in decreased energy consumption per unit of finished product.
 
Increasing use of chips from the lumber and wood products industry.
 
The trend toward more refined products, with larger per unit energy
 
consumption, increased the average energy consumed.
 
Increased emphasis on pollutant removal from water and air released
 
from pulp and paper mills tends to increase energy consumption."
 
Another report, [EEA-74,I-33] gives 1967 energy consumption in the
 
paper industry at about 2.20 quads. This report estimates that housekeeping
 
measures will reduce energy needs by 16 percent between 1971 and 1990.
 
Improved processes are estimated to result in a 10% energy use reduction
 
by 1990. The use of larger integrated mills is estimated to yield a 7 1/2
 
percent energy savings by 1990. The cumulative effect of these conservation
 
measures is estimated [EEA-74,I-363 to be a reduction to 27 x 106 BTU/Ton
 
in 1990 from 40 x 106 BTU/Ton. [PI-74-3,220] The figures for 1985 are:
 
28.4 x 106 BTU/Ton [EEA-74,T-36] and 34.8 x 106 BTU/Ton [PI-74-3,2-20].
 
The usagg of-energy in the Paper Industry was up to 2.6 quads in 1972
 
[PI-74-3,2-3] This report projects that energy use per dollar of value
 
added will decrease by 2.26 percent per year through 1980 for a total
 
decrease of 18.6 percent compared to the 1971 figure. This reduction will
 
be due primarily to an increased use of residual fuels produced during the
 
production process and better controls over process heat requirements. In
 
a different section of the report, it is estimated that purchased energy
 
requirements per ton of finished product will be reduced 17-23 percent
 
between 1972 and 1990. [PI-74-3,2-1]
 
Actions that can be taken by the Paper Industry to conserve energy
 
can be grouped as follows: [PI-74-3,2-12]
 
Housekeeping measures
 
Capital improvements
 
New, more energy efficient capacity, and
 
Alternate fuels
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According to [NPC-74,43] a potential savings of 15 percent per unit
 
of output isprojected inthe paper industry by 1978, and many companies

have reported achieving savings of 10-12 percent inpurchased energy per

unit of output since October, 1973.
 
E.3.4 CHEMICAL INDUSTRY
 
Historically, the chemical industry has a record of achieving sub­
stantial reductions inenergy usage (a31% decrease in energy use per

unit of product inthe 17 years from 1954 to 1971). [West-75, C-25]

These reductions resulted in large part from the two following facts:
 
(1)the energy situation has and will continue to exert a large influence
 
on the costs, pricesand product availability of the chemical industry

[10-75,90] and (2)the chemical industry has typically expended 3 percent

of sales for R&D [10-75,94] Versus an all industry average of close to 2%.
 
It isnot surprising then, that further large decreases inenergy
 
usage per unit of output are anticipated for the chemical industry.

Prengle [PRE-74, 3-5] inhis analysis of 226 chemical plants inTexas
 
projects a potential saving of 31.1% of energy per unit of output over the
 
next 6 1/2 years. Table E.3.4-l shows current and possible energy usages.

It is important to note that the largest improvements are anticipated in
 
the'combustion processes. Itisalso valuable to observe that these
 
estimations do not include all types of major process redesign and other
 
advanced technology such as improved selectivity catalysts. Energy re­
ductions for these types of technology improvements are generally be­
lieved to be large but not well known. Projecting the Prengle estimate to
 
the entire chemical industry appears reasonable since almost 56% of that
 
industry's energy consumption occurs inTexas. [PRE-74-25] [IEC-75ill],

Also Prengle's data was obtained from chemical company estimates.
 
The chemical industry has entered into a voluntary program with the
 
FEA to reduce energy use per unit of output 15% by 1980 (1972 base).
[IEC-75,1lJ Table E.3.4-I shows the historical energy usage reduction per
 
unit of output, the voluntary commitment and the Prengle projection. It
 
isapparent that the voluntary commitment does not represent a major

departure from historical energy percentage reduction per unit of output.
 
Indeed, the industry voluntary commitment isactually somewhat lower
 
since itdoes not include energy needed to meet OSHA and Environmental
 
requirements.
 
Capital requirements for the energy conservation achievement given
 
by Prengle (and projected to the entire U. S. chemical industry) are
 $0.58 billion over a 6 1/2 year period. The total projected capital

spending for the U. S. chemical industry in1975 alone is5.3 billion.
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TABLE E.3.4-1. ENERGY CONSERVATION POTENTIAL [PRE-74,5-221
 
% of total estimated
 
energy used savings % (1985)*
 
I. Combustion
 
A. Heater Efficiency 	 92
 
Capital Investments 16.8
 
Improved Operation 1.0
 
B. Process Improvements
 
Capital 5.
 
Good Housekeeping 7.5
 
II. Electricity (purchased for
 
mechanical drives) 
Capital Investments 
Good Housekeeping 
7.5 
.72 
0.03 
III. Steam (process heat) .5 
TOTALS 100 31.1 
*Only 6 1/2 years required 	for implementation
 
Total Capital Required for Conservation
 
$323 x 106 1975 dollars
 
1974 Texas SEC = 16 x 106 	BTU (SEC means specific energy consump-

Ton Product tion, BTU/Ton)
 
1985 Texas SEC = 11.8 x 106 BTU 
To-n
 
1974 Texas Production 81 x 106 Tons/yr.
 
1974 Texas Energy Consumption 1.30 x 1015 BTU/yr
 
1974 Total U. S. Chemical Industry Energy Consumption 2.32 x I015 BTU
 
1.30 x 1015 yr.
% of Chemical Industry Energy Consumed in Texas = 

56%
2.32 x lO'F x 100 = 
E-31
 
E.3.5 REFINING
 
It has been estimated that better maintenance and improved systems

control overall could result in a 5% reduction in energy usage. Surveys
 
of major oil companies indicate that programs resulting in savings of
 
this magnitude are already underway. [EEA-74, 4-29]
 
An additional 10-15% savings is believed to be possible by implementing

various conservation actions [discussed in Section E.5] requiring capital
 
expenditure. However, it appears to be the general feeling in industry

that energy conservation measures which involve capital improvements

should be treated the same as any other capital outlay. That is,invest­
ment should take place up to the point where the rate of return is equal
 
to the opportunity cost of alternative investment projects.
 
Unlike some other industries such as steel and cement, the processes
 
which are currently in use in refining will probably continue to be the
 
dominant processes of the future. The refining industry has already been
 
replacing energy intensive processes in cases where the economics favored
 
a less energy intensive process. Thermal cracking, for example, requires
 
almost 250 times as much energy per barrel of throughput as does fluid
 
catalytic cracking. Indicative of the relative desirability of fluid
 
catalytic cracking, thermal cracking has dropped from 36% of refining
 
capacity in 1945 to only 2% in 1972 [EEA-74, 4-12].
 
It is unlikely that higher energy prices will force refineries to
 
retire large processing units much more rapidly than they would have in
 
the absence of higher prices. The development of improved catalytic
 
processes which in the past has led to significant energy saVings will
 
continue, but no major breakthroughs are anticipated at this time.
 
Therefore, inmost cases the relevant economic considerations relate
 
to retrofitting existing equipment with energy saving devices, improving

maintenance and operating procedures, or constructing new refineries
 
with these energy saving devices built in. Major capital projects are
 
discussed in the EEA study [EEA-74, 4-22].
 
In the future, refineries will probably be designed with energy
 
conservation in mind. Whether or not these refineries will be designed
 
to minimize energy consumption will depend on the economics of the situa­
tion. Minimizing energy consumption is not necessarily synonomous with
 
maximization of profits. The configuration of refineries coming on line
 
during the next twenty years will be determined by future demand for
 
petroleum products and the prevailing market prices for these products.
 
Exxon made-a comprehensive survey of their refineries in 1971. They

found that on average their refineries were consuming approximately 33%
 
more energy than required at high efficiency levels of operation. Accord­
ing to Exxon the high efficiency consumption rate is applicable to new
 
modern refineries, but the refineries built 10-15 years ago are not
 
operating at these levels.
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Exxon believes that new refineries will achieve high levels of 
efficiency resulting in consumption of approximately 40% less energy per 
barrel than the current U. S. average. -: ith regard to existing plants 
they believe that higher energy prices have created sufficient incentive 
to reduce energy usage by 15% from medium efficiency levels. In Exxon's 
case this would result in a savings of roughly 100 MBTU per barrel. If 
all U. S. refineries could achieve this improved level of efficiency it 
would reduce average U. S. refinery consumption from its current average of 
648 MBTU/barrel to 446 MBTU/barrel -- a savings of over 30 percent 
[EEA-74, 4-13]. 
Projecting energy requirements for the refining industry is extremely

difficult. There are a number of very important variables, such as the
 
composition of crude oils and the future octane quality of gasoline, which
 
are difficult to forecast accurately. Table E.3.5-1 provides one projection of
 
future refining energy requirements. It is based on a number of assumptions:
 
Short term non-capital intensive housekeeping efforts will
 
reduce energy requirements by five percent per unit of output;
 
Longer term capital improvements, e.g., air preheaters, opti­
mization of heat exchangers on existing plants, will ultimately
 
reduce energy consumption by an additional ten percent;
 
New refineries coming on line between 1975 and 1990 will be
 
operated at a relatively high level of efficiency, consuming
 
430,000 BTU per barrel of output;
 
The changing composition of crude oil processed in U. S.
 
refineries and the mandatory reduction of lead additives in
 
gasoline will have a neutral effect on refinery energy consump­
tion;
 
The U. S. will adopt an import policy which discriminates
 
against imported refined product, but will continue to import
 
residual fuel oil from Caribbean refineries.
 
The net result of these assumptions isthat energy consumption per
 
barrel of refined product will steadily decrease throughout the period.

Over the period 1971 to 1980, energy consumption drops 97 MBTU per barrel.
 
Conservation efforts in old refineries are responsible for 75% of the
 
decrease, and new, more efficient refineries are responsible for the
 
remainder.
 
With regard to projecting energy requirements for new refineries,
 
it has been assumed that they will achieve the high levels of efficiency
 
estimated by Exxon. This assumption may be somewhat conservative given
 
the degree of emphasis presently being placed on energy consumption>-within

the refining industry. However, energy consumption rates in this range
 
would represent a significant improvement over current levels of efficiency.
 
Year 

1958 

1962 

1967 

1971 

1975 

1977 

1980 

1985 

Existing 

Capacity 

(MMBD) 

8.2 

9.2 

10.6 

12.4 

14.5 

14.5 

14.5 

14.5 

TABLE E.3.5-1. 

Existing Plants 

Net Energy 

Conservation Output 

(Cumulative improve) (MBTU/B) 

660 

674 

641 

616 

7 573 

10 555 

15 531 

15 531 

PROJECTED ENERGY REQUIREMENT [EEA-74,4-393
 
Energy Impact
 
New Plants Weighted Energy Consumption
 
Net Additions Energy/Output Average Fuel Eltric Total
 
(MMBD) (MBTU/B) (MBTU/B) (1I BTU)
 
660 1990 30 2020
 
674 2275 41 2316
 
641 2502 54 2556
 
616 2798 75 2873
 
.84 430 '567 3181 80 3267
 
1.59 430 546 3228 80 3308
 
2.82 430 519 3305 89 3394
 
4.72 430 508 3632 103 3735
 
m 
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Between 1980 and 1985 the rate of decline in energy consumption tails
 
off; decreasing only by 12.0 MBTU per barrel during the period. Over the
 
entire period 1971-1985, energy consumption per barrel of refined product

decreases by 18%. Conservation measures account for 55% of the decrease
 
and new refineries 45%. These measures will save approximately 395
 
thousand barrels of oil per day by 1990..[EEA-74, 4-40]. Figures E.3.5-1
 
and E.3.5-2 illustrate the magnitude of the savings obtainable ifthese
 
conservation efforts are successful.
 
E.3.6 STONE, CLAY, GLASS
 
Present conditions in the whole industry show that hydraulic cement
 
and glass account for 45.6% of the energy requirements. [EEA-74,5-1]
 
E.3.6.1 CEMENT
 
Present conditions inthe cement industry make an attractive environ­
ment for energy considerations. The industry is characterized by high
 
energy usage, growing market expansion (sellers market) and technical
 
flexibility. The conservation areas with the greatest potential are:
 
conversion to dry kilns
 
improvements in existing kilns
 
conversion to high sulphur coal
 
increased use of low inergy materials
 
The conversion to dry kilns has a potential for large savings (afactor of
 
3 from worst to best). [EEA-74,5-9] The major obstacles are raw material
 
limitations and economics of change. [GA-74-258]
 
Improvements in existing kilns include improved combustion efficiency,

additional heat recovery and improved insulation materials. Additional
 
changes in process could add savings without severe rate of return con­
siderations. [EEA-74,5-16] The list includes more efficient grinders,
 
process control and heat exchange systems.
 
The conversion to coal may not result in a 'savings of energy but will
 
account for flexibility by the act of substitution. The major consideration
 
isthe industry's ability to consume high sulphur coal without undue
 
environmental penalties as the process absorbs the sulphur. [PCA-74-433
 
The increase in the use of non-energy intensive materials (pozzolanas)
 
can have a potential energy savings of 20%. [Faber-75]
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FIGURE E.3.5-2.
 
E.3.6.2 GLASS
 
With the switch to disposable glass containers, the potential for
 
reducing energy consumption per unit production during the next few years
 
is not favorable. [EEA-74,163] However, the areas with the greatest
 
potential sav.ings are:
 
use of natural soda ashes -- 20% savings
 
increase recycling -- 3% savings
 
increase furnace efficiency
 
material substitution
 
The area that causes the greatest problem in energy reduction is
 
the conversion from natural gas to coal. Table E.3.6- gives a comparison
 
among the various production techniques. It isnoted that submerged
 
combustion gives a substantial reduction, but there is concern that this
 
technique will destroy the lining of the furnace.
 
Material substitution by increased use of plastic and larger size
 
containers may have the largest short term impact. These factors may
 
reduce the growth rate to zero by 1980. [EEA-74,I61]
 
E.3.7 PRIMARY METALS
 
E.3.7.1 STEEL
 
The steel industry isoptimistic about growth potential whichwill
 
make possible the change-over to energy saving eqipment and processes.

[Gray-74]
 
The areas of conservation potential are:
 
importation of ore
 
reduction of coke use
 
shifts in furnace technology
 
new technology
 
The importation of ore will be the result of depletion of high

grade U. S. ores. Importation has a favorable effect on U. S. energy
 
consumption..
 
The 10% reduction in the ratio of coke to pigiron has occurred'
 
in the last 10 years. [GA-74-339] This practice isaccompanied by
 
increased use of other hydrocarbon fuels and oxygen.
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TABLE E.3.6-1. 
PRODUCTION TECHNIQUES AND ENERGY REQUIREMENTS [EEA-74-I63]
 
(MMBTU/ton)
 
Total Gross
 
Fuels Electricity Net Energy Energy
 
Existing 
Fuel-Fired 6.8 - 6.8 6.8 
Fuel-Fired
 
with Boosting 4.8 1.3 6.1 8.8
 
Fuel-Fired 
with Oxygen 
Enrichment 6.3 - -6.3 6.3 
All-Electric - 2.9 2.9 8.9 
Fuel-Fired 
with Submerged 
Combustion 4.1 - 4.1 4.1 
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The shift in furnace technology is from the open hearth to the
 
basic oxygen furnace and the electric furnace. The shift will provide
 
flexibility in heat cycle, hot metal charge, and primary fuel.
 
New technology is being developed in the areas of ore benefication
 
of iron ores, blast furnaces, coke production, and furnaces.
 
E.3.7.2 ALUMINUM
 
In the short term there are limited conservation possibilities.
 
The most promising is the change in production of electrodes.
 
In the 	long term there are two areas which show promise:
 
new refining process -- 30% savings 
recycling -- 80% savings 
The new refining process is being developed by Alcoa. Itmakes use
 
of aluminum chloride which is easier to electrolyze. This reduces the
 
electricity input by 30%.
 
Secondary aluminum production by recycling is related directly to
 
progress inrecovery techniques in solid waste streams. It is limited
 
by reduction in demand, shift to other materials and substitution of
 
waste for fossil fuels.
 
E.3.8 	POTENTIAL CONTRIBUTIONS OF RESEARCH AND DEVELOPMENT TO INDUSTRIAL
 
ENERGY-CONSERVATION
 
The potential for contributions of research and development (R&D) to
 
industrial energy conservation is generally believed to be quite large.
 
Many studies agree that energy savings as large as 20-25% (per unit of
 
output) are possible through developing such technology as introducing more
 
efficient machinery, developing alterate (low energy) processes, etc.
 
However, there are many difficulties in implementing such work because:
 
(1)Energy conservation has not been a "classical" area of industrial
 
research. Hence, there will be difficulties because of unfamiliarity. (2)
 
Energy has been a relatively inexpensive commodity and many R&D approaches
 
to energy usage reduction which are now economically justifiable may still
 
be considered impractical. (3)Industry is fragmented and research and
 
development results which have potential for any one industry are difficult
 
to recognize. (4)Private industry may be less interested in conducting
 
and implementing energy conservation R&D since itwill not directly reap
 
many of the indirect benefits of so doing; e.g., benefits derived from reduced
 
U. S. trade deficit.
 
Against this background of difficulties the assumption persists that
 
research and development can substantially accelerate energy conservation.
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In a presentation given to the ASEE Design Group itwas noted that large

increases in energy conservation in petroleum refining and chemical manufacture
 
would result from R&D in process control and combustion technology.
 
[PRE-75,1]
 
Based on the previous discussion, the questions which appear most
 
important are: What R&D tasks should be undertaken? How can the results
 
best be implemented? What is the future of the large body of already

existing sophisticated technology in the U. S. which may be transferable
 
(aform of research) to energy conservation?
 
At this point, itwill be of benefit to make a distinction between
 
R&D results and programs which can be used in the short term (implemented

within 1 to 3 years) and a second category inwhich those ideas and concepts

which will find utility in industry beyond a 3 year time frame. Generally,

introduction of advanced R&D and sophisticated technology transfer fall into
 
the second. The 3+years required for the second category are engendered by

long lead times in conducting, evaluating and piloting new results as well
 
as designing, purchasing and installing new manufacturing equipment. Since
 
the economic benefits and impacts of the first category of improvements can
 
usually, in concept at least, be evaluated by standard marketing, engineering

and cost accounting techniques, this group of advances will not be discussed
 
further (even though final implementation may be hindered by many practical
 
considerations).
 
Several requirements must be met for successful implementation of
 
sophisticated R&D results of any type in an industrial environment: (1)The
 
uses to which this technology (R&D) is to be put must be very clear to the
 
user. (2)A market must exist for the products that result from the tech­
nology and this-market must be carefully characterized with regard to
 
costs, competitors, potential profits and constraints such as legal statues.
 
[MCF-75,1]
 
Figure E.3.8-1 displays the methodology needed to achieve objectives

(1)and (2)above. The first requirement on this figure, to identify high

industrial energy users, iswell undet way as evidenced by this report. An
 
industry data base has been assembled and a methodology for assessing ripple

effects (energy conservation in one industry producing energy savings in
 
other areas) developed (input-output analysis). Requirement II is sub­
stantially under way; many program speakers have commented on high potential
 
areas of research and technological needs.
 
Requirement III, assessment of potential energy conservation technology

with respect to its suitability for specific applications must be a major

focus of successful efforts. Careful delineation of technical requirement is
 
necessary for meaningful conclusions. However, because of the relatively

short time available to the Design Group, this requirement was not carried
 
out in the detail necessary for complete analysis. The remainder of the
 
discussion is presented for purposes of illustrating the proposed method­
ology.
 
ASSESS R&D 
POTENTIAL FOR 
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CONSERVATION 
FIGURE E.3.8-1. 
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Research can be divided into three classifications: (1)research
 
done by industry; (2)research done for industry e.g., the ERDA programs

rLS-75]; (3)technology transfer to industry. Implementation of results
 
of the first two categories are more straight-forward. Work is conducted
 
by or for an industry with the objective of reducing that industry's energy
 
consumption. Tasks are identified and ranked with respect to well known
 
criteria: priority of potential energy savings, dollar return on investment,
 
etc. Since these activities are generally industry specific; establishment
 
of priorities in any one industry is not excessively difficult. Perhaps
 
the only major uncertainty is determining which industry should receive
 
priority for funds for research done for the industry. Further use of
 
techniiques, such as the input-output 'analysis method this project developed,
 
will aid inassessing where those funds should be best applied.
 
The third category of research activities, technology transfer, ismore
 
difficultto assess. Not only is the question "To which industries should
 
the technology be transferred?" need to be answered, but we must also
 
define which needs in any given industry can be satisfied by the existing
 
technology. Problems in technology transfer are discussed in the litera­
ture [KOT-73,24] [CON-73].
 
Because this category deals with existing technology, itmay offer some
 
of the most rapid energy conservation returns. Since itmay be the most
 
difficult to implement, examples of preliminary matchings of industrial
 
energy conservation technology needs, and available sophisticated technology
 
(NASA's) are discussed below to illustrate the salient principles. Further
 
efforts are needed to refine matching of existing technologies (assessments).
 
The major technology need highlighted by Prengle [PRE-75] and others is in
 
improving efficiency of industrial combustion systems. Industry uses 40%
 
of total U. S. energy and about 70% of this is consumed in combustion pro­
cesses (22 quads). A combustion efficiency improvement of only 5% and
 
introduced in only 25% of U. S. industrial combustion systems would save
 
nearly 0.3 quads. A preliminary discussion with NASA-MSFC combustion
 
experts produced the following suggestions: (1)In liquid rocket fuel
 
systems considerable research md development has been conducted to
 
determine optimum parameters governing mixing of fuel and oxidizer. This
 
is important in rocketry since combustion must occur quickly before the
 
fuel-oxidizer mixture exits the combustion chamber. An analogous situation
 
exists in industrial combustion processes since the better the mixing of
 
fuel and air, the less excess combustion air is needed to completely
 
combust the fuel. (The less excess air used the higher the combustion
 
efficiency.) The suggestion was made that oxidizer (air) in industrial
 
systems could be introduced as a pressurized stream as it is inrocket
 
chambers. Such a design (using NASA design parameters) could decrease the
 
amount of excess air needed for complete combustion. (2)In industrial
 
solid fuel systems (coal) larger amounts of excess air are needed for
 
complete combustion than in liquid fuel systems. Use of NASA solid fuel
 
technology was also proposed as a potential method for alleviating this
 
problem. In solid rocket fuels, solid oxidizer is mixed with the solid
 
fuel to produce burning. Mixing of coal with inexpensive oxidizer (such
 
as ammonium nitrate) prior to burning could generate rapid burning and
 
require less excess air and thereby improve efficiency.
 
Other ideas developed in conversations with MSFC personnel were
 
applying NASA sensors in excess combustion air monitoring, and use of high
 
temperature metal alloys developed for rockets in industrial turbines, to
 
allow higher operating temperatures (and therefore improved efficiencies).
 
Additional preliminary matchings are given inTable E.3.8-l to
 
illustrate the many overlaps between NASA technology and industrial energy
 
conservation needs.
 
Also needed is a method for moving this technology into the market
 
place. This method, called a technology transfer system, has been discussed
 
[EZR-75,707]. It is shown on the sub-study system's diagram and should be
 
the subject of additional analysis so that itwill be suitable for energy
 
conservation technology.
 
Requirement IV on Figure E.3.8-1, impact assessment method, has been dev­
eloped by the task group as a whole. Estimates of energy savings ina single
 
industry due to specific technological developments must first be conducted.
 
Then impact assessment, done on U. S. industry as a whole, must be executed
 
through the input-output techniques described inthe preceding sections.
 
Energy savings in one industry should be traced through all industry
 
interactions to establish impacts such as total industrial energy savings.

Thus complete research and development strategies with well defined benefits
 
(and accordingly high probabilities of success) can be developed.
 
In conclusion, it seems there are many opportunities for sophisticated
 
technology in general, and for NASA technology in particular to satisfy
 
technical needs which will bring about large scale industrial energy
 
savings. Unfortunately, current NASA plans do not call for aggressively
 
-exploiting this area.
 
E.4 GOVERNMENT ACTIONS
 
As discussed in Chapter 1, legal instruments currently exert major effects
 
on energy usage, pricing and availability in all sectors of the U. S. economy.

One program speaker [GT-75,l] commented that all energy prices in the U. S.
 
are in effect set by legal statute rather than the costs of production.
 
Interstate regulation of natural gas prices is one example of this. Clearly,
 
this type of government control impinges on industry in at least two ways;
 
(1)the prices industry must pay for energy are part of the manufacturing
 
cost and consequently influence demand for any industries output and (2)
 
prices consumers pay directly for energy also influences demand (e.g. auto­
mobiles, houses, etc.) for industrial commodities.
 
In this area of energy prices, a major decision is before Congress. The
 
Emergency Petroleum Allocation Act (EPAA) which gives authority to control
 
U. S. crude oil prices is due to expire on August 31, 1975. The president's
 
plan to decontrol oil prices was defeated in the House of Representatives in
 
late July. A bill (& 1849) whose only provision is a six month extension of
 
the EPAA was sent by Congress to the president. Since presidential action
 
was to threaten a veto of this bill, and congressional session adjournment
 
was to precede presidential action, the entire price structure for petroleum
 
E-43 
TABLE E.3.8-l. NASA TECHNOLOGY WITH
 
POTENTIAL FOR ACHIEVING INDUSTRIAL ENERGY CONSERVATION
 
Industrial 
Item Reference Application 
I. Sensors 
Cryogenic 
Thermocouples 
(< 500 K) 
[MOE-68,5] Power Transmission 
(Cryogenic Super Conductor 
Monitoring) 
High Temperature [MOE-68,15] Combustion System
 
Thermocouples Instrumentation
 
Gas Temperature Mea- [MOE-68,23] Glass Manufacture
 
suring Thermocouples
 
Energy Transfer Gauges [MOE-68,55] Process Heaters
 
II. Induction Heating [LEA-69,4] Rapid Heating Coal
 
Gasification Process
 
III. 	 Confined Gas [ROB-72,171 Turbines, expanders
 
Dynamics
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(and consequently other energy sources) is now uncertain. The following
 
Table E.4-1 presents the analysis of the Staff of the House Subcommittee on
 
Energy and Power of the effects of the President's detontrol plan and an alter­
native to this decontrol, (H.R. 7014). It is apparent that the Staff
 
anticipates major unemployment and reduced GNP if oil price controls
 
are phased out. Mr. F. Zarb, FEA administrator, criticized the Staff
 
analysis on the grounds that they (1)assumed an OPEC initiated oil
 
price increase; (2)did not consider future administration monetary
 
policies that would be changed if large scale undesirable impacts resulted.
 
In any case, the effects of oil price decontrol will be large and far
 
reaching. FEA predicts greatly improved domestic oil supplies, and the
 
Staff warns of large scale unemployment, decrease in GNP, and increasing
 
inflation.
 
Another area of impact of legislation on industrial energy usage is in
 
efficiency standards. At least three pending federal bills, H.R. 7104, S.1908, and
 
S.1149 address this subject Basically, they call for collecting energy usage

data from industry, establishment of efficiency standards, initiation of in­
dustrial energy monitoring programs and monitoring of adverse effects due to
 
the initiated legislation. H.R. 7014 specifically calls for the 2000 largest
 
industrial energy consumers to reduce energy/unit output by 20% by 1980
 
(1972 base). The impacts of such legislation under other than large amounts
 
of direct energy usage will be reduced. Questions such as total capital re­
quired, total technical manpower needed (scientists and engineers) have not
 
been well answered. In this respect, it seems apparent that there will be a
 
shortfall of engineers since it is currently predicted [LC-75,1550] that
 
there will not be sufficient engineers for the power industries alone and
 
bills such as H.R. 7014 are also expected to require iarge numners ot engin­
eers.
 
To eliminate the need for legislation of the type described above, indus­
try, DOC, and FEA have entered into a joint voluntary program to reduce indus­
trial energy consumption per unit of output. Goals developed in Federal agen­
cy meetings with the industries and their trade associations were: [IEC-75-2J
 
1980 goal 
Aluminum Association (1) 10% 
American Iron and Steel Institute 10% 
American Paper Institute 10% 
American Petroleum Institute 15% 
Manufacturing Chemists Institute 15% 
Portland Cement Association 10% 
(I)1973 baseline; all others are 1972 baseline 
The stringency of these requirements, as they relate to past industry perform­
ance is discussed in the sections of industrial energy conservation potential
 
of the major energy users.
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TABLE E.4-1. t PROJECTED IMPACTS OF OIL PRICE 
DECONTROL OR IMPLEMENTATION OF HR 7014 
pf -ROW, (Projected change inAnnual Rates as of:) 
'75:4 '76:2 '76:4 '77:2 '77:4 
REAL G.N.P. (Billions $ '58) 
President's Plan ­ as submitted 
with FEA analysis 
President's Plan ­ staff analysis * 
vs. Current Controls 
H.R. 7014 - staff analysis * 
vs. Current Controls 
-0.2 
-0.6 
+0.5 
-0.5 
-2.6 
+2.2 
-2.2 
-8.3 
+5.0 
-4.7 
-17.1 
+7.9 
not 
submitted 
-26.0 
+8.9 
Number of Unemployed (,000's) 
President's Plan ­ as submitted 
with FEA analysis 
President's Plan ­ staff analysis * 
vs. Current Controls 
H.R. 7014 - staff analysis * 
vs. Current Controls 
0 
0 
0 
0 
+100 
-100 
0 
+200 
-100 
+100 
+500 
-200 
not 
submitted 
+800 
-300 
COMSUMER PRICE INDEX % 
President's Plan - as submitted 
with FEA analysis 
President's Plan - staff analysis * 
vs. Current Controls 
H.R. 7014 - staff analysis * 
vs. Current Controls 
+0.08 
+0.18 
-0.19 
+0.18 
+o.46 
-o.39 
+0.35 
+0.90 
-0.54 
+0.57 
+1.47 
-0.62 
not 
submitted 
+2.06 
-0.62 
WHOLESALE PRICE INDEX % 
President's Plan -­as submitted 
with FEA analysis 
President's Plan ­ staff analysis * 
vs. Current Controls 
H.R. 7014 - staff analysis * 
vs. Current Controls 
+0.03 
+0.74 
-0.77 
+0.46 
+1.73 
-1.47 
+0.97 
+3.09 
-1.65 
not 
+1.53 submitted 
+4.61 16.13 
-1.65 -1.58 
HOUSING STARTS (,000's units) 
President's Plan - as submitted 
with FEA Analysis 
President's Plan ­ staff analysis * 
vs. Current Controls 
H.R. 7014 - staff analysis * 
vs. Current Controls 
-1 
-4 
+8 
-15 
-51 
+41 
-53 
-177 
+78 
-89 
-273 
+83 
not 
submitted 
-268 
+28 
AUTOMOBILE SALES (,000's units) 
President's Plan - as submitted 
with FEA analysis 
President's Plan - staff analysis 
vs. Current Controls 
H.R. 7014 ­ staff analysis.* 
vs. Current Controls 
0 
0 
0 
0 
-100 
+100 
-100 
-400 
+200 
-200 
-800 
+300 
not 
submitted 
-1000 
+300 
f Based on Data Resources Incorporated Model 
* Prepared by the Staff of the House subcommittee on Energy and Power 
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Another area of legislative impacts on industrial energy isgovernment

funded research and development (Rand D). In general R and D is expected
 
to make a large impact on both industrial energy supplies and conservation.
 
Energy supply work is largely to be conducted by ERDA and those prelimihary

plans are known. Industrial energy R and D (including conservation) will be
 
done in large part by-the Inter-Industry Programs Division [LS-75,l] of
 
ERDA. Other Federal Agency energy research work is summarized in a
 
recent publication by Congress. [FEM-71,l] Guides to industrial energy con­
servation work using currently available technology have been published by the
 
National Bureau of Standards in the EPIC program (Energy Conservation Program
 
in Industry and Commerce) and in a forthcoming publication - The Waste Heat
 
Management Program. The EPIC Program, of which more than 50,000 copies have
 
been purchased by industrial groups, is a ,general guide to energy conservation
 
practice through such techniques as energy balances, economic analysis, etc.
 
The Waste Heat Management Manual is a more specialized publication dealing
 
with a methodology for maximizing energy savings through waste heat recovery.
 
Both programs will apparently have large influences on industrial practices.
 
In addition to federal legal action, there are many existing and pending
 
state and local legislative actions. Preliminary evaluations oT state laws
 
in some representative states (Florida, Wisconsin, Texas, Oregon, Ohio and
 
Vermont)-reveals that very few laws are producing energy conservation and
 
may entail excessive energy usage [GT-75,1]. The total magnitude of such
 
energy usage is unknown.
 
One characteristic of legislation at this level is that the authority

is close to the energy consumer (upon whom the legislation will impact). Poss­
ible methods through which the states could implement conservation tactics
 
would be to: (.1)direct public utility commissions to set and enforce insul­
ation standards;-and (2)to determine power plant sitings to allow industry
 
to utilize waste heat. [GT-75,1] The potential for these actions and the
 
extent to whihh they will be put into practice is also unknown.
 
The above discussion leads to the conclusion that government actions
 
influence and control industrial energy usage (and conservation) as much
 
-as any other factor.
 
E.5 ACTIONS
 
When the group attacked the problem of conservation in industry, it
 
became evident immediately that finding hard data in any form other than
 
that presented by the National Petroleum Council (Table E.5-1) was going to
 
be a difficult task. Since most reports discuss energy conservation efforts
 
in terms of the overall saving achievable by six of the most energy­
intensive industries, determining the energy action isextremely difficult.
 
The diversity within a particular industry, in addition to the diversity
 
within the industrial sector itself, complicates the problem. One of the
 
obstacles that has been encountered by investigators trying-to estimate the
 
potential for energy savings is the fact that until the embargo most
 
industrial records of energy use were limited to the quantity and cost of
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TABLE E.5-1. ESTIMATED CONSERVATION POTENTIAL
 
INDUSTRIAL SECTOR -- 1974-1978
 
(Based on 1972 Energy Consumption) [NPC-74,28]
 
Potential Savings
 
Per Unit Of Output
 
Industry (Percent)
 
Primary Metals (Steel, aluminum, etc.) 5*
 
ChemiCals 20
 
Petroleum Refining 15
 
Agriculture
 
Farming 2
 
Food Processing 10
 
Automobile Manufacturing 10
 
Paper 15
 
Remaining Industries 10
 
Weighted Average 10
 
* The 5 percent savings for primary metals is extrapolated from the 
steel and aluminum projections as these metals make up the primary
 
portion of the primary metals group.
 
This Table summarizes the estimated potential savings of energy
 
through conservation efforts for the individual industries through the
 
1974-1978 period. These figures represent potentials for the industries
 
on the average and should not be viewed as necessarily applicable to
 
individual companies where past conservation measures may have already
 
effected a significant savings.
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the various fuels, seldom having an accurate indication of time of
 
consumption or flow within the plant. Since such records were inadequate
 
for a detailed analysis, industries (who are generally interested in
 
conserving energy only in cases where the economics favor conservation)
 
first had to spend time mapping the energy flow and use within their plants&
 
When the task group first began trying to identify conservation actions
 
in the industrial sector, an attempt was made to categorize the actions
 
under the broad topics -- increased efficiency, reduced demand, and substi­
tution. It became evident very quickly that time would not allow each
 
member of the task group to familiarize himself with each of the six
 
industries chosen for study. Therefore, itwas decided that each member
 
would try to familiarize himself with conservation actions within an
 
industry. After collecting data on various conservation actions, itwas
 
decided that such actions could generally be grouped into three categories:
 
(1)improved combustion efficiency, (2)process improvements, and (3)
 
good housekeeping measures. A non-inclusive list of conservation actions
 
is included in Section E.5.5.
 
E.5.1 CONSTRAINTS -- AN OVERVIEW
 
In general it has been found that since the Arab embargo, industry
 
has been taking advantage of the energy savings inherent inperforming many
 
of these good housekeeping measures. For example, the refining and chemi­
cal industries have already achieved a 7.5% reduction in energy consumption
 
[Wells - 75]. Since most conservation actions included inthe good house­
keeping category are actions requiring little or no capital investment,
 
these actions were most attractive in terms of energy savings as well as
 
from an economic-point of view.
 
With regard to conservation actions in the other categories,
 
industry, in general, treats those measures involving capital improvements
 
the same as any other capital outlay. That is,investment should take
 
place up to the point where the rate of return is equal to the opportunity
 
cost of alternative investment projects. The measures considered must not
 
only meet this criteria, but generally must have a payback period of less
 
than two years [EEA-74,4-24].
 
According to one study [PRE-75], the economics of rising fuel costs
 
will probably be sufficient incentive for industry to conserve fuel even
 
though capital investment will be required. Since capital dollars used to
 
improve energy efficiency will not be available for other improvements,
 
there may be a conflict of interest in certain areas, for example, environ­
mental regulations requiring large capital investment. The government'
 
should be aware of this requirement for capital investment and the possible
 
conflict of interest.
 
Another extremely important constraint on industry that has a decided
 
effect on energy consumption and capital requirements is curtailment of
 
natural gas. Since conversion away from natural gas toward other fuels
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has been taking place at a rapid rate, some captial investment has already
 
been committed and additional capital will be required for these conversions.
 
Consequently, even though this conversion may be sensible from a national
 
policy perspective, in the short run it is a drain on financial resources.
 
Also, fuel conversion typically involves an energy penalty. It is obvious
 
from the outspoken position of many companies infavor of deregulation of
 
natural gas prices that availability ismore important than price. In
 
fact, insuring the availability of fuel supply is such a significant
 
consideration in some industries that they have expanded their investments
 
incoal mines and are considering investments inlow BTU coal gasification.
 
Even though such investments are understandable from an industrial per­
spective, this commitment of capital will reduce the capital available
 
for energy conservation action, which, in turn, will result in an overall
 
energy penalty.
 
Insome instances the possibility of conserving fuel will be limited
 
by facts outside the control of the industry -- for example, glass container
 
production is expected to decrease by 20% by 2000 due to the conversion
 
from nonreturnable bottles and to reduced glass container volume. The
 
substitutes intended to replace glass containers should be analyzed care­
fully in terms of whether or not this action will be less energy intensive
 
before the switch is made. Much controversy has already arisen concerning
 
the net energetics of returnable vs. nonreturnable glass containers.
 
Another example of a constraint imposed on an industry from outside is
 
the specification of octane quality for gasoline. There isa direct
 
relationship between product quality and energy consumption within the
 
refining industry. During the 1950's, automobile manufacturers increased
 
compression ratios to achieve better automotive performance. This trend
 
continued through the sixties forcing the petroleum industry to improve
 
the octane quality of gasoline. One method used by the industry was to
 
add tetraethyl lead to the gasoline pool. This trend was reversed in the
 
early 1970's with the advent of emission control systems, and in 1973 the
 
U. S. Environmental Protection Agency promulgated regulations restricting
 
the use of lead in gasoline. Unless the octane quality of the entire
 
gasoline pool issignificantly reduced, the production of gasoline with
 
reduced lead content levels could result in a significant increase inenergy

consumption per barrel of refined product [EEA-74].
 
Additional constraints which apply to the industrial sector in general
 
include:
 
in the face of rising coal demands, a continued decline incoal
 
quality will lead to energy penalties;
 
deteriorating fuel quality and the desire to reduce dependence
 
on foreign supplies may boost energy usage;
 
lower output growth will tend to perpetuate use of less efficient
 
installations.
 
Additional possible constraints identified by the National Petroleum
 
Council's study [NPC-74, 28] are the availability of technical manpower and
 
environmental concerns.
 
There is strong industry concern over the availability of technical
 
manpower to identify, evaluate and implement energy conservation projects.

There is a general engineering manpower shortage, and demand for operation,
 
modernization and expansion will compete with energy conservation needs.
 
Small companies with limited technical staffs will find it difficult to
 
assign the necessary technical effort to energy conservation [NPC-74, 29].
 
Energy conservation programs are sometimes in conflict with environmental
 
standards. These standards may necessitate process changes that result in
 
increased use of energy. An example is the reduction incoke production
 
in the steel industry due to problems inmeeting air and water quality
 
standards, which, in turn, has increased the use of direct oil injection

in blast furnaces. Another example is in petroleum refining where desul­
furization of residual fuel oil to comply with environmental regulations
 
applicable inmany areas requires an equivalent of 3 to 4 percent of the
 
quantity of oil desulfurized as energy for the desulfurization process
 
[NPC-74, 29]. Increased emphasis on pollutant removal from water and air
 
released from pulp and paper mills tends to increase energy consumption.
 
These and other constraints will be extremely important in determining
 
energy consumption and savings in the industrial sector. Sections E.5.2
 
and E.5.3 will be devoted to a discussion of some general actions under
 
the categories increased combustion efficiency and process improvement.
 
E.5.2 INCREASED COMBUSTION EFFICIENCY
 
As can be seen from the non-inclusive list of conservation actions
 
presented in Section E.5.5, there is a host of conservation actions which
 
can be grouped under the increased combustion efficiency category, which
 
has been identified as one of the areas of greatest potential savings

[PRE-74, 3-4]_Much of the energy lost in the industrial sector could be
 
avoided through better equipment maintenance and improved systems control.
 
By far the most important item in this group is fire heater combustion
 
control.
 
Efficient firing of fuel is extremely important. For example, according
 
to one study [EEA-74,4-13] direct process heating fuel requirements accounts
 
for 78% of total refinery energy consumption. Insufficient fuel combustion
 
generally results from two factors: (1)excess air in the combustion
 
chamber and (2)operating heaters in excess of designed heat duties. Excess
 
air leads to inefficiencies as the heat liberated in fuel combustion is
 
wasted in warming up the excess air. Careful control through the use of
 
louvers or dampers can increase heater efficiencies in many cases by as
 
much as 10 to 15%. Caution must be exercised, however, because insufficient
 
air intake can lead to incomplete combustion. The operation of heaters
 
in excess of designed heat duties leads to heat losses primarily in the
 
form of stack gas energy losses. Monitoring stack gas temperatures can
 
provide an efficient technique for determining if heat duties are in excess
 
of requirements. As a rule of thumb an adjustment which reduces the amount
 
of excess air from 20% to 10% will lead to a fuel savings of 1% [EEA-74, 4-18].
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Assuming that 70% of the energy consumption is involved in combustion,
 
approximately 0.15 quads could be saved in 1980 and .18 quads in 19B5
 
using EEA's projected energy consumption by all manufacturing [EEA-74, 1-321.
 
22.2 quad x .70 x .01 = 0.15 quads in 1980 
25.9 quads x .70 x .01 = 0.18 quads in 1985 
Power Generation Vs. Purchased Power
 
Energy savings can be achieved by combining power generation with
 
process heating, as shown in Figure E.5.2-l. Inthis case the turbine
 
operating conditions will be determined by the process inorder to fully
 
utilize the exhaust steam. In processes when low pressure steam is
 
utilized, this scheme is most attractive. Ifmore electricity is generated
 
than can be used internally, itmay be sold to the utility. Obviously
 
there are substantial obstacles to implementing this action -- some of
 
which will be addressed in Section E.6.
 
According to the Center for Advanced Computation's numbers, approxi­
mately 9.6 quads were used for process steam in 1967 [CAC-75, 133-40]i
 
This represents about 65% of the total energy used by the manufacturing
 
sector (14.765 quads in 1967 according to the data in the EEA study)
 
EEEA-74, 1-32J. Using the EEA study projections and this 65%, 14.43
 
quads will be used for process steam in 1980 and 17.0 quads in 1985.
 
According to the analysis presented in Potential Fuel Effectiveness
 
in Industry [PFE-74, 741, about 70 KW of electric power can be obtained
 
for every million BTU per hour of steam required by industrial processes.

Accepting this-value for available electricity /I06 BTU/hr, and accepting
 
the EEA study's estimates of future consumption, and then correcting for
 
the incremental fuel consumption (43%) used for electrical generation
 
results in the following approximate savings (assuming that this conserva­
tion action were implemented by the entire manufacturing sector):
 
14.4 x 1015 BTU x 70 UT x 3.412 x 103BTU x 1 x.43
 
yr l0bBTU/hr kwh .34 
= 4.36 quads in 1980 
5.14 quads in 1985
 
Gyftopoulos calculates that the steam flow in U. S. industry in 1968
 
(10.2 x 105 BTU for process steam) could have generated 7 x101' kWh or
 
53% of the total U. S. electrical production in that year. The net fuel
 
savings would have been 4.0 quads or 30% of all fuel used by the electric
 
utilities [PFE-74, 27].
 
GENERATOR ELECTRICITY 
84 kw 
FUEL GA },1 r.t,] 
1.42 x 106 BTUIHR. TURBINE 
BOILER PROCESS STEAM, 200 PSI 
106 BTU/HR. 
(a) 
FUEL BOLRSTEAMS B ILER TRIEGENERATOR GNRTRELECTRICITY 6k 
1.27 x 106 BTU/HR. TURBINE 64 kw 
PROCESS STEAM, 200 PSI 
(b) 106 BTU/HR. 
SNGRANI GENERATIE RI 
FUEL, a GAS 
1.68 x 106 BTU/HSR. TURBINE 
RTURBINE 48 kw 
PROCESS STEAM, 200 PSI 
106 BTU/HR. 
COMB INED PROCESS STEAM RAI SING AND ELECTR ICITY GENERAT ION SCHEMES FOR PROCESS 
STEAM AT 200 PS I AND 106 BTU/HR. 
FIGURE E.5.2-1.
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Obviously, many industrial operations requiring process steam are too
 
small in scale to permit economical generation of by-product electricity.
 
However, an opportunity does exist for an enormous fuel savings if such
 
practices are implemented on a broad scale. For example, if one assumes
 
that only fifty percent of this savings can be achieved, the savings is
 
still significant -- 2.18 quads in 1980 and 2.57 quads in 1985. The saving
 
per major industrial sector based on its percentage of process steam
 
according to CAC data is presented inTable E.5.2-1.
 
Implementation of this type of conservation action will require the
 
development of markets for by-product power through utility networks since
 
many industries will become net producers of electricity. In other words,
 
the expanded production of by-product power will not be aimed at the elec­
trical needs of industry but at the national problem of fuel conservation.
 
Obviously cooperation between industry and the utilities will be required.
 
The effect of this type of action on the peaking problem and the need for
 
utility expansion should be evaluated. Industry may be reluctant to
 
implement this type of action unless they feel more secure about their
 
fuel source. Perhaps the assurance of fuel supply would be a strong
 
incentive for implementation. In addition, there is an economic incentive
 
for implementation as shown by the following calculation based on
 
Table E.5.2-2. The incremental capital cost in C/kWh can be found for
 
various process pressures in Table E.5.2-2. Averaging these capital
 
charges and assuming that only 50% of the industries implement Cogeneration
 
results in a capital cost of $2.42 x ]0 by 1980: -
14.43 x 1015 BTU x 70 KkL 
-0BTU/hr 
x .48t/kwh x .50 
$2.42 x 109 capital cost 
InTable E.5.2-2, the capital charqes ranqe from 0.33 to O.60t/kWh and
 
are much the same for steam turbines and gas turbines. The total of fuel
 
and capital charges ranges from 0.74 to l.lOt/kwh. Itwould seem reason­
able to put the cost in practice at approximately l/kWh which may well
 
be a profitable figure at pre-Arab embargo fuel costs. If fuel costs were to
 
double, this figure would increase by less than 50%, whereas costs in a
 
central-station plant would doubtless increase by a larger percentage
 
since 1 kWh generated by the combined plant requires about 4300 BTU
 
while that generated by a central-station plant requires 10,000 BTU.
 
[PFE-74,26]
 
The cost figures include no incremental labor charge. If any, it
 
should probably be added as a charge per hour of power generation. Thus,
 
for an incremental charge of $1.00 per hour applied to operating hours, the
 
labor cost would be 100/p centsper kilowatt hour when P kilowatts are
 
generated. For values of P in excess of 1000 KW, the labor cost need not
 
be prohibitive. [PFE-74, 27].
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POTENTIAL SAVINGS USING 50% CO-GENERATION
TABLE E.5.2-1. 

1980 1985
 
Quads Quads
 
Food and Kindred Products .17 .20
 
Paper .24 .28
 
Chemicals .47 .66
 
Refining .41 .48
 
Stone, Clay, Glass .25 .30
 
Primary Metals .38 .45
 
Other .25 .30
 
These savings would be obtainable only if 50% of the manu­
facturing sector had implemented this conservation action by 190
 
and 1985. Obviously, this is an extremely important assumption
 
and it needs to be evaluated in terms of its potential and percent
 
achievability.
 
a Calculated from data from [CAC-75,133-140J
 
QRGIWAf PAGIWI 
PyOOR QUAI fl TABLE E.5.2-2. CAPITAL AND FUEL CHARGES AGAINST ELECTRICAL 
POWER AS A BY-PRODUCT OF PROCESS HEAT* 
[PFE-74, 26). 
Process Pressure, psi 200 200 400 200 50
 
Steam
Power-Unit 	 Steam & Gas Steam Steam Gas Turb. Turb. Turb. Turb. Turb.
 
Gas-Turbine cost 10,000 8400 - - ­
Steam-Turbine cost 2400 - 1700 2450 3850 
Boiler Increm. cost, $ 4250 0 740 4030 4630 
Boiler Cost without 2930 2930 5860 2930 2930 
power 
Boiler cost with power 7180 2930 6600 6960 7560
 
By-product power, KW 148 84 34 49 77
 
eating value n
 
boiler x 10 k, BTU/hr 1.23*** 1.0** 1.20 1.27 1.37 
Total increm. capital, 16.650 8400 2440 6480 8480 
Capital charge, C/kWh 0.51 0.46 0.33 0.60 0.50 
Fuel Charge/ C/kWh 0.41 0.41 0.41 0.41 0.41 
Capital and fuel 
charge/ t/kWh 0.92 0.87 0.74 1.01 0.91 
* 	 Units are 106 BTU/hr delivered to process steam, fuel input rates 
are based upon higher heating values. 
** Heating value to gas turbine 1.42 x iO6 BTU/hr. 
** Heating value to gas turbine 1.68 x 106 BTU/hr. 
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As can be seen from Table E.5.2-2, Gyftopoulos assumes a 0.41 fuel
 
charge, which would result in a $2.07 x 109 fuel cost for 1980:
 
14.43 x 1015 BTU x 70 KW x .41C/kWh x .50
 
1 B hr
 
$2.07 x 109
 
Thus, a total cost of about $4.5 x 109 would be incurred by industry.
 
However, if the generated electricity could be sold at about 1.60t/
 
kith [average value extracted from FOSTER-74, 8], resulting in a $8.1
 
x TI 9 return, the payback period,would be less than a year. Obviously

.the salaries of the additional skilled employees required has not been
 
considered.
 
The capital and fuel cost per industry assuming 50% implementation by

1980 is shown inTable E.5.2-3, assuming the same percentage of process steam
 
as in Table E.5.2-.1.
 
Obviously, this kind of a breakdown for capital cost and return by
 
industry is not very meaningful until someone looks into exactly how much
 
electricity each industry really could supply. However, it is interesting
 
that 0.3 quads savings compared to 0.41 can be predicted for the refining
 
industry by another indirect calculation (but basedQn Qyftopoulos's
 
numbers). Using the 590 x 106 tons output in 1968 and Business's Outlook's
 
capital output figures for that year one can obtain the dollars/ton ratio
 
which can then be used with the capital output projection to estimate total
 
output in tons for 1980 and 1985. Then using Gvftopoulos's estimates of
 
0.43 x 106 BTU/ton savings [PFE-74, 57] in the refining industry yields
 
0.3 quads:
 
5.90 x 108 ton x $3.18 x 1010 x 0.43 x 106 BTU
 
$2.67 x 1010 ton
 
= 0.30 x 1015 BTU = 0.30 quads in 1980
 
5.90 x 108 tons x $3.43 x 1010 x 0.43 x 106 BTU = 0.33 quads in 1985
 
$2.67 x 1010
 
Additional problems related to industry's increasing its internal
 
power generation include erratic steam demands, smaller scale compared to
 
utilities and anti-trust issues. All of these issues must be considered
 
before the type of action is implemented. One example of this action and
 
the resulting legislative action is discussed in Section 1.4.
 
On the other side of the picture, the utilities will probably not be
 
very optimistic about this type action since they would no longer be the
 
producer and may be the intermediary in electrical production in this case.
 
Obviously, the phase-in would have to be scheduled in cooperation with
 
utilities in order to insure sufficient electricity but not an over supply.
 
TABLE E.5.2-3. CAPITAL AND FUEL CHARGE
 
(BILLIONS $)
 
Food and Kindred Products 

Paper 

Chemicals 

Refining 

Stone, clay, glass 

Primary metals 

1980 1980 1985 1985 
Cost Return Cost Return 
.35 0.63 .41 .69 
.49 0.88 .58 1.00 
.98 1.76 1.15 1.99 
.85 1.51 .99 1.71 
.52 0.94 .62 1.06 
.78 1.30 .94 1.69 
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Along with the type of power recovery scheme discussed above isthe
 
possibility of recovering useful work from steam, waste flue gases and
 
process steam.
 
Typical examples would include:
 
Steam pressure reduction by let-down through a turbine to
 
drive a process pump. The exhaust steam in turn being used
 
for process heat;
 
Steam let-down through a turbine to drive an electric generator;
 
Steam let-down through a thermodompressor to recompress low
 
pressure waste steam to some intermediate level;
 
Use of catalytic cracking regenerator gas (in a refinery) to
 
drive turbines and generate power, and
 
Use of hydraulic turbine to recover energy from high pressure
 
liquid streams.
 
Hydraulic Turbines
 
Hydraulic turbines are used to recover power from high pressure
 
process streams. Shell Oil has 18 hydraulic turbine installations ranging
 
from 230 to 1,800 horsepower and, according to Shell, units below the 230
 
HP range will not become more attractive as energy prices increase.
 
Energy Savings
 
The energy savings will vary depending on the size of the unit. One
 
example provided by Shell for a 500 HP hydraulic turbine demonstrated that
 
the yearly power savings from a unit of this size would be roughly 3.2
 
million kwh.
 
The incremental cost of the unit was approximately $50,000. At 9 mils
 
per kilowatt hour this unit would have resulted in a payback of 1.73 years,
 
i.e. (yearly savings):
 
(3.2 x 106 kWh) x $.009 = $28,800
 
Thus, the payback on recovery is
 
$50,000 = 1.73 years [EEA-74,4-28]
 
$2-8,800
 
At the higher energy prices presented below the payback ismuch more attractive
 
as shown in Table E.5.2-4. Undoubtedly, at these energy prices which range
 
between $.0303 and $.041 per kilowatt hour, investments such as these should
 
be exploited. Shell's 18 hydraulic turbines have resulted ina new savings
 
of 65.6 million kwhr (6.54 x lOll BTU) per year which is about 3.5% of their
 
yearly electrical bill. [EEA-74,4-28].
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TABLE E.5.2-4. PAYBACK 
Case 
I 
11 
III 
Reference 
($/bbl crude) 
$4.00 
7.00 
11.00 
Savings 
($) 
$96,960 
111,680 
131,200 
Payback 
(years) 
.5p 
.45 
.38 
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E.5.3 PROCESS IMPROVEMENT
 
As can be seen from the non-inclusive list of conservation actions in
 
Section E.5.5, there are a number of actions that can be grouped under the
 
process improvement category. Two of these actions -- air preheating and
 
recycling -- are discussed in this section.
 
E.5.3.1 REGENERATIVE AIR PREHEATING
 
Heat recovery from stack gases which contain 12-25% of heat liberated
 
by the fuel combustion can be accomplished in two ways:
 
install tubes in the stack and pass process liquid through
 
the tubes to absorb heat; and
 
use exhaust gases to preheat combustion air.
 
The use of stack gases to heat process liquid iswidely practiced.
 
However, there still exist many opportunities to improve the degree of
 
heat recovery by this method. The use of combustion air preheaters, a
 
more recent development, is one of the most promising conservation actions
 
in energy conservation.
 
Air preheaters are used to heat cold combustion air by transferring
 
heat from escaping flue gases. One air-preheat system is shown in Figure E.5.3.1-l.
 
Energy Savings
 
Studies have shown that inclusion of a regenerative air-preheater
 
system can result in a 10-15% increase in furnace efficiency which
 
represents a 15-25% fuel savings (2.3 to 3.9 quads in 1980 and 2.7 to
 
4.5 quads in 1985). Table E.5.3.1-l shows a comparison of boiler efficiency
 
with and without air preheaters. The net energy savings isroughly 17.4
 
MMBTU per hour which would reduce energy consumption by roughly 16%
 
[EEA-74, 4-26].
 
Air preheaters may generally-be added to existing furnaces without
 
difficulty and are being incorporated increasingly in new plants. As
 
with convection sections, the use of a preheater is governed by economic
 
considerations. Estimates of the energy savings, operating costs, capital
 
cost of the unit and estimated payback period at various energy prices as
 
presented by the EEA study are shown below [EEA-74,4-26J,
 
Energy Savings
 
17.6 MMBTU per hour x 9000 hrs per year = 140.8 x 109 BTU
 
Damper i
 
Convection
 
Section
 
Induced-Draft Fan
 
Radiant
 
Section
 
S Furnace
 
Fuel 
Air Preheater Forced-Draft Fan
(Finned Tube
 
Heat Exchanger)
 
FIGURE E.5.3.1-1. AIR-PREHEAT SYSTEM [PRE-74, 8-20]
 
TABLE E.5.3.1-1.
 
COMPARISON WITH AND WITHOUT AIR PREHEATERS [EEA-74,4-26]
 
Without With
 
Air Preheater Air Preheater
 
Absorbed Duty MMBTU/hr 83 83
 
Ambient Air OF 80 80 
Gas Temp to Air 
Heater OF -- 660 
Gas Temp leaving 
Air Heater OF -- 319 
Gas Temp to Stack OF 815 291 
Excess Air % 30 15 
Furnace Efficiency % 75.7 LHV 90.2 LHV 
BTU's Fired MMBTU 109.6 92.0 
Energy Savings = 17.5 MMBTU/hr
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Energy Cost
 
Operation of the induced draft fan (70.8 hp), the forced draft fag

(36.8 hp) and the air preheater motor (1.5 hp) would require 6.51 x 10 kWh:
 
109.1 HP 	x 0.746 KW/HP x 8000 hr = 6.51 x 105 kWh
 
At O.OlSt/kWh the operating cost would be $9,770 compared to the-operating
 
cost without the preheater system -- $140,800 at S1.0O/MM BTU -- resulting

ina net savings inoperating cost of $T31,030 per year [PI-74-7, 149].
 
Capital Cost $125,000 [EEA-74, 4-26]
 
This cost includes the total cost of the system including, installa­
tion. Another estimate of the increased cost for the preheater system, as
 
built on a new heater, is of the order of $250,000 [PI-74, 7 -149J.
 
Payback
 
The calculations in Table E.5.3.1-2 show that under any of the fuel
 
price scenarios this particular investment provides for less than a two­
year payback period. The impact of the higher fuel price isto reduce the
 
payback period from 1.5 years to .5years. An economic analysis of air
 
preheater systems can also be found in Prengle's work [PRE-74, 8-32].
 
Using Prengle's total capital investment versus heat recovered plot

(Figure E.5.3.1-2) resulted in the following capital investment for the
 
quad savings estimated for industry as a whole ifair preheaters were
 
installed:
 
1980 	 1985
 
Quads 	 2.3 - 3.9 2.7 - 4.5
 
Investment (109) $.20 - $,30 $.22 - $.34
 
E.5.3.2 	ACTION -- INTRODUCTION OF PREVIOUSLY PROCESSED MATERIALS INTO THE
 
PRODUCTION STREAM
 
The total output of a manufactured product is the sum of primary and
 
secondary production. Most frequently, the secondary production includes re­
cycled materials as outputs from processing products (old scrap). Less fre­
quent, but just as important, are the introduction of filler materials which
 
are less 	energy intensive but which provide an end product with the desired
 
properties. The secondary production takes advantage of the previous energy

history of the material with the tendency to reduce the energy per unit total
 
output.
 
TABLE E.5.3.1-2.
 
EFFECT OF OIL PRICE ON PREHEATER PAYBACK PERIOD [EEA-74, 4-271.
 
Payback Energy Operating
 
Period Savings/Year Cost/Year Net
 
(Years) ($1000) ($1000) Savings/Year
 
I
Case 

($4/bbl) 1.5 $102.8 $19.7 883.1
 
Case II ,85 169.0 22.7 146.3
 
($7/bbl)
 
Case III
 
($11/bbl) .54 259.1 26.7 232.4
 
300
 
Brown and Kraus(14)
 
A 
o 7 
so
 
00 50
 
HEAT RECOVERED, MMBTU/14R
 
FIGURE E.5.3.1-2. CAPITAL INVESTMENT VS. HEAT RECOVERED 
[PRE-74, 8-33] 
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The use of pre-processed materials in production is governed by some gen­
eral requirements: the scrap must be collected, transported, separated, and
 
prepared. Each of these requirements poses a special set of conditions for
 
each different manufacturing process.
 
The matter of time frame is generally handled in the near term (1985).

The feasibility depends heavily on capital requirements and growth of demand
 
for the product.
 
The obstacles of secondary production are the reliability of supply and
 
the useful lifetime of products. Inherent in both are the attitudes and will­
ingness of the demand sector to participate in the production process.
 
Freauentlv. difficult Dreparation steps are required prior to the introduc­
tion of materials into production.
 
Since the waste stream is a vital source of the materials of secondary pro­duction and the waste stream is primarily in the social and political domain,
 
it is necessary to make some political and social impact to accomplish the
 
collection of old scrap. In the short term economics will play a vital role
 
in determining the supply of scrap. In the long run, the design of the chan­
nel for the waste stream will be a vital concern. Ultimately, the system
 
must be economically attractive, capable of reliable recovery, environmentally
 
sound, and suitable for the long term.
 
There are several major industries where scrap can and will play a vital
 
role as the raw material for secondary production --aluminum, steel, glass,
 
paper, and cement.
 
Figure E.5.3.2-1 shows a simplified aluminum flow diagram. It illustrates
 
the difference in fuel input between primary and secondary production. The
 
secondary production requires only 5% of the fuel needed which demonstrates
 
a highly effective way of reducing fuel requirements (0.2 quad savings).

Assuming that all discarded products (consider lifetimes inTable E.5.3.2-1
 
and 14% of total production of new scrap, the recycling rate is 33%.
 
The technical feasibility is good. The obstacle is the reliability of
 
supply. The impact of major production would be to reduce the import
 
of ore (bauxite). As the imported ore is not a direct energy cost there
 
may appear to be some loss inthe energy accounting.
 
Recycling scrap steel with pig iron inthe refining process is a second­
ary production process. Assuming a large cold metal charge (98%) the savings
 
are large -l quad. [EEA-74] However, in this instance there is a large cap­
ital expenditure as there must be a shift from the open hearth furnace to the
 
basic oxygen furnace and the electric furnace. There is good technical feas­
ibility but the economics are unfavorable unless there is growth in the in­
dustry. A shift in the technology would make impact in the energy supply in­
dustry by causing a major shift in fuels.
 
The glass industry is using new scrap to a small extent with a
 
potential savings of 0.006 quads. There is a reluctance to use old scrap

because of the excessive problems in preparation. Itmay be possible to
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FIGURE E.5.3.2-1. SIMPLIF IED ALUM INUM FLOK DIAG RAM 
TABLE E.5.3.2-1. AVERAGE USEFUL LIFETIMES FOR ALUMINUM PRODUCTS [PFE-74,74].
 
END-PROIDUCT USE % OF TOTAL CONSUMPTION AVERAGE PRODUCT LIFETIME
 
Building and Construction 28.1% 	 Infinite
 
Other 7.4% Infinite
 
Transportation 18.2% 5 years
 
Containers and Packaging 15.4% 2 years
 
Electrical 14.5% 25 years
 
Consumer Durables 9.8% 5 years
 
Machinery and Equipment 6.6% 10 years
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utilize scrap in other products such as insulation materials where
 
preparation of the scrap would be less of a problem. Glass recycling is,
 
however, dependent on the use of glass containers and there are indications
 
that there will be a reduction in the use of glass containers; a short
 
term recycling solution may be attractive.
 
Recycled paper requires less than 1/4 as much fuel as paper made from
 
the raw wood product. One obstacle would be a parallel development to use
 
paper as a fuel. This. would eliminate any energy savings in using recycled
 
paper in secondary production.
 
Cement poses a unique opportunity to use a material by-product from
 
combustion (fly ash) as a substitute material in cement production. It is
 
estimated that as muchas 20% may be substituted with nearly a direct
 
energy savings (0.08 quads) [Faber-75].
 
E.5.4 SPECIFIC ACTIONS BY INDUSTRY
 
In this section, the conservation actions in both the general and 
specific categories are identified by industry. This section simply shows 
how certain actions were first identified by industry and then expanded 
to the industry sector as a whole. 
E.5.4.1 REFINING
 
Refining
 
The major-energy consumers in the refining process are the direct­
fired heaters. Though the process heaters-crude heaters and vacuum heaters
 
have efficiencies of 75 and 80% respectively, there is still room for
 
improvement.* Reducing the stack temperature to 3500 F will result in a
 
savings ?f 7.5 M BTU/hr. This would yield a savings of 9.2 M BTU/hr or
 
7.4 x 1010 BTU/hr. Air preheating,-better insulation, reduction in stack
 
gas temperatures and decreasing the excess air can improve efficiencies to
 
90%. This would yield a savings of 31.3 I BTU/hr or 2.5 x Iu I BTU/hr
 
or a 17.5% reduction in fuel usage [PRE-74, 4-19].
 
Another important area of energy consumption is the distillation
 
columns. The use of steam in the columns should be investigated to see
 
if there is an over use of steam. A 2% savings in steam usage will result
 
in a savings of 1.85 x 10IO BTU/hr. Added savings can result from opti­
mizing the side refluxes on each column as feed composition changes. This
 
can be achieved by computer control. Also regulating the vacuum pressure
 
with changes in feed composition will also conserve energy [PRE-74, 4-20].
 
*The crude heater has a damper control to regulate excess air, but is not
 
on computer control. A computer is available in the unit which could be used.
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An annual savings of 7.5 - 11 x 1010 BTU/yr or 2-3% of the total
 
energy consumed in the process can be realized using one preheating scheme
 
[PRE-74, 4-20].
 
The following are estimates of total energy savings in the refining
 
process:
 
% of Total
 
General - Good Housekeeping, better 
operation of columns 5.0% 
Capital investment measures 
Process Heaters 17.0% 
Preheat Crude Train 2.5%
 
Total 24.5%
 
With the above estimates the specific energy will be reduced to
 
0.81 ?T BTU/ton.
 
Most energy in a refinery is derived from the combustion of fuels.
 
On an industry-wide basis, combustion operations are 72.8% efficient.
 
The upper limit on achievable combustion efficiencies is 90%. This
 
indicates that combu§tion efficiencies can be improved 19.3% with a
 
savings of 1.56 x l014 BTU/yr based on 1973 energy consumption in Texas
 
refineries alone. [PRE-7-,4-22]
 
An estimated 5-10% reduction in energy consumption can be obtained
 
by good housekeeping measures previously mentioned. The capital invest­
ment measures will require several years before savings can be realized.
 
[PRE-74, 4-22]
 
The present specific energy consumption can be reduced 30.1% of its
 
present value (3.5 x 106 BTU/ton input) to 2.45 x 100 BTU/ton input. The
 
combustion losses were obtained from process heaters evaluated throughout
 
industries in Texas. The average combustion efficiency of 72.8% was
 
applied to obtain the process heat and electric generation values. There
 
are inefficiencies in the refining process and electric generation excluding
 
combustion which are included in parts b and c under combustion in Table
 
E.5.4.1-1. [PRE-74,4-24]
 
The present savings in specific energy consumption (SEC) iscomposed of
 
capital and non-capital energy saving methods. Table E.5.4.1-1 gives the
 
percent savings in SEC due to capital and non-capital investments. The
 
SEC values can be reduced 17.7% by capital investment and 1% by better
 
operation and maintenance of combustion units. [PRE-74,4-24]
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TABLE E.5.4.1-1.
 
ENERGY CONSERVATION POTENTIAL. [PRE-74, 4-24J
 
Items -- In Order of 
Magnitude (and Priority) 
% of 
Total 
Energy Use 
Estimated % 
Savings 
in SEC Qualification 
1. Combustion 
a. Process Heat 
% 
61.7 
97.0 
10.0 
(7.5% goo#i housekeeping
17.5% cai ahousekeping 
Direct ­ 43.6% 2.5 capital ,s 
Steam - 18.1% 
(Goes into process 
operations) 
b. Losses 27.4 18.7 517.7% capital investment
 
11% good housekeeping
 
c. Electric Generation 10.9 	 1.1
 
2. Purchased Electric 
 1.03
 
Power Consumption 3.0 .3 0% good housekeeping

.27% capital investment
 
100.0 30.1 
Estimated reduction can be achieved in approximately 6.6 years, implemented
 
as follows in Texas:
 
1. Immediate reduction 	 8.63%
 
2. In 1.5 years 	 6.00%
 
3. 	Next 5.1 years 3% reduction for each year 15.47%
 
30.1%
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The process heat used in the refinery unit operations can be conserved
 
by good housekeeping measures to reduce the SEC by 7.5% and capital invest­
ment reducing the SEC by 2.5% inthe case study would be typical. Good
 
housekeeping in the operation of turbines for electric power generation
 
and better maintenance of electric drives can reduce the SEC by .03%.
 
Capital investment in improved turbines and electric drives would reduce
 
SEC by 0.27% [PRE-74,41. Table E.5.4.1-2shows the demand and energy growth
 
predicted by Prengle for Texas.
 
The non-capital investment measures can be implemented immediately.

The greatest energy saving, mainly due to waste heat recovery, purchasing
 
greater heat transfer area, and greater preheating of streams can be
 
implemented in 1-1/2 years (planning and construction). The other capital

investments will take longer and an estimate of 3% per year based on 1973
 
value could be saved by these measures [PRE-74, 4-251.
 
Power Generation vs. Purchased Power
 
A variation was found in the trends to buy power or generate it in
 
the refineries in Texas. Energy savings can be achieved by combining power
 
generation with process heating. In this case the turbine operating condi­
tions will be determined by the process in order to fully utilize the
 
exhaust steam. In processes where low pressure steam is utilized, this
 
scheme is most attractive. Another arrangement isthe use of gas turbines
 
to generate power combined with waste-heat steam generation. Figure E.5.4.l-1
 
illustrates the comparison between power plant efficiency and a near optimum
 
refinery cycle- The refinery cycle has an efficiency of 76% while the
 
power plant overall efficiency is 23%. [PRE-74, 4-16].
 
In some cases the substitution of steam turbine drives for electrical
 
drives has been more economical. -Condensing turbines using low pressure
 
steam are more economical than electric motors. Condensing turbines can
 
utilize steam produced from waste heat recovery procedures [PRE-74, 4-16].
 
Other Considerations
 
A major consideration is the operation of a refinery at reduced capaci­
ties. Fuel consumption may rise considerably with reduced plant levels of
 
10-25%. To minimize this, the trend will be to install multiple units rather
 
than the operation of large units at reduced capacity. In the case of
 
mechanical drives, two units may be installed and one will be shut down at
 
reduced capacity operations.
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TABLE E.5.4.1-2.
 
DEMAND & ENERGY GROWTH [PRE-74, 4-25]
 
1973 1974 1980 1985 
1) Demand (tons) 81x10 6 84x106 12zxl0 6 166xi0 6 
2) Energy Consumption (Btu) 13xlO15 1.35x10 15 1.39x1015 1084x10
15 
3) Specific Energy Consumption 16.1 16.1 11.8 11.1 
(SEC) MBtu/ton 
Basis: Year 1974
 
Product Demand Growth Rate to 1980 6.4%
 
Product Demand Growth Rate to 1985 6.4%
 
Energy Demand Growth Jte to 1980 .5%
 
Energy Demand Growth Rate to 1985 2.8%
 
0.301 x 11.8 x 106 BTU x 122x106 = 0.43 quads saved in 1980 in Texas 
ton
 
Estimated
 
Savings
 
0.301 x ll.lxlO 6 x 166x16 6 = 0.55 quads in 1985
 
FUELPOWERLATTRANSMISSION CROSS COUNTRY TRANS '' 1 11ON RREINERYEFINERYMOTOR DRIVERS OVERALL CYCLE 
EFFICIENCY 30% EFFICIENCY 90% EFFICIENCY 95% EFFICIENCY 90/ EFFICENCY 2% 
ELECTRIC CYCLE 
FUEL 314 
DOWN MAKE-UP NEAR OPTIMUM REFINERY CYCLE 
TOTAL: 1,I88mm BTUX/Na LOSS: 362mm BTU/NR P ,RODUCT: 626mm BTU/HR 
[00% -24% 76% 
FIGURE 5.4.1-1. COMPARISON BETWEEN NEAR OPTIMUM
 
ENERGY CYCLE FOR A REFINERY WITH A TYPICAL ELECTRIC CYCLE. [PRE-74,4-15J
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Of prime importance is the design of new and more effective catalysts.
 
Since catalytic related operations have become so important in the refining
 
of crude oil, more emphasis should be placed on improving catalysts [PRE­
74, 4-16].
 
Domestic petroleum import policy is extremely important in this area.
 
If the U. S. adopts a policy which discourages imports of refined products,
 
it could have a significant impact on the number and configuration of new
 
refineries. Such a policy would encourage the development of refinery
 
capacity which more closely parallels domestic demand for refined products.
 
This would imply a reversal of the trend toward increasing light product
 
yields in favor of additional heavy oil production.
 
A second factor which relates to the U. S. import policy is the
 
composition of crude oils which wil be processed by domestic refineries.
 
Processing heavier crude oils such as those imported from,Venezeula can
 
require up to 20 percent more erergy than lighter crudes. In general, the
 
crude oils purchased from the Middle East and Africa are lighter and lower
 
in sulfur content than domestic crude oils. A shift away from these lighter
 
crudes may lead to an increase in process energy requirements, provided that
 
the supplemental crude supplies have a hiqher specific gravity and sulfur
 
content.
 
Better instrumentation and computer control will improve energy use
 
(NASA technology). Good instrumentation must be available to obtain operating
 
data on a process before major energy conservation measures can be properly
 
analyzed. Computer control can be applied to crude distillation in order to
 
optimize product recoveries as well as in the combustion process.
 
There is a limited amount of information on the economics of energy
 
conservation within the refining industry, but a summary of a Shell Oil
 
Company study is illustrative. Shell Oil Company undertook a comprehensive
 
energy conservation program startinq inmid 1972. This program considered
 
all aspects of their production refining and marketing operations. With
 
regard to refining, Shell set a goal of 10 percent energy savings in four
 
years based on 1971 total usage. Within the first year and a half of the
 
program they had achieved 60% of their goal.
 
Shell's refinery energy conservation program included both capital
 
and noncapital savings. The percentage savings in the first year and a
 
half were fairly equally divided between the capital and noncapital projects.
 
Major capital projects and estimated energy savings are outlined below:
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Shell Energy Conservation Program
 
Major Capital Expenditures [EEA-74, 4-23]
 
1. 	Direct fired heater performance
 
a. convection section revisions
 
Savings: 400,000 barrels per year (2.2x10 12 BTU)
 
b. 	Installation of electronic furnace optimizffs
 
Savings: 100,000 barrels per year (5.5x10' BTU)
 
2. 	Electrical System
 
a. installation of flux gas expanders in fluid
 
catalytic cracking units
 
Savings: 382,000 barrels per year (2.0x10 12 BTU)
 
b..installation of hydraulic turbines to recover
 
power from liquid streams
 
Savings: 124,000 barrels per year (6.8xi0 II BTU)
 
3. 	Vapor Recovery
 
a. installation of floating roofs in tanks
 
Savings: 85,000 barrels per year (4.7x10II BTU)
 
4. 	Total Energy Savings
 
Savings: 1,091,000 barrels per year (6.0x10i2 BTU)
 
Savings as percent of total consumption: 6%
 
In general, all the measures undertaken by Shell with the exception of
 
floating roofs on storage tanks provided for less than a two year payback
 
period. Therefoce, based on the estimated savings of roughly 1.1 million
 
barrels (6.OxlO BTU) the total capital cost of these projects was less
 
than $10 million. Assuming that similar savings could be achieved by other
 
refiners using these techniques the total capital cost to the industry would
 
be somewhere in the neighborhood of $100 to $150 million dollars. This
 
calculation is based on the fact that Shell owns approximately 8% of U. S.
 
refining capacity EEEA-74, 4-241. These calculations were based on 1972-73
 
energy prices. Assuming that other refineries could obtain similar savings,
 
the total saving for refineriT instituting these conservation measures
 
could be approximately 7.5xlO BTU.
 
E.5.4.2 FOOD AND KINDRED PRODUCTS
 
The EEA report made no recommendations as to the potential for conserva­
tion in the food processing area other than noting the suggestions by some
 
people that government regulations dealing with food processing be relaxed
 
to some degree. however, such an action must be carefully evaluated before
 
it is implemented.
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The installation of Templifiers (heat pumps) to utilize waste heat is
 
one conservation action that has been proposed by Westinghouse [WEST-75,C-4].
 
According to the report, in the food industry, temperature requirements of
 
processes served by fossil fuels are: 
Temperature (0F) % of Fuel 
<230 61 
231 - 400 22 
>400 6 
Space Heat & Misc. 13 
Energy substitutions by 2000 are as follows:
 
33% of under 2300F needs supplied by Templifiers (COP=6)
 
45% of 231-400'F needs supplied by Templifiers (COP=3)
 
10% of industry fossil fuels (baking, etc.) shifted to electric
 
(Electric at 100% increase in end-use efficiency)
 
25% of industry fossil fuels shifted to electric boilers
 
(Electric at 95% efficiency)
 
30% of industry fossil fuels shifted to coal (in1972, Coal consumption
 
was 14% of Fossil fuel
 
consumption)
 
Using the data supplied by Westinghouse, the energy that can be saved
 
by installing Templifiers (heat pumps) to utilize some of the waste heat
 
in the food industry is about 0.18 quads. This energy saving was determined
 
by using the following calculation:
 
10
10 (-33) (1.439) (.61) 
= .12 
210 converting the time frame from 25 years to 10 years (1985 rather than 2000) 
.33 Westinghouse's estimated substitution of Templifiers in processes
 
under 230°F
 
1.439 total energy use projected for the food industry in 1985.
 
.61 percentage of fuel in the <230°F range
 
10 
2 (.45) (1.439) (.22) = 0.06 in the 231-400 temperature range 
.12 + .06 = 0.18 quads in 1985
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Approximately 316 thousand barrels of petroleum per day (l.74xlO12 BTU/day
 
or 0.6 quads/year) were consumed in the area of farm equipment in 1972 [NPC­
74, 90]. With regard to the saving of fuel in this area, the implementation
 
of improved energy management and induced tillage practices have a combined
 
potential of saving 23,000 barrels/day (0.04 quads/yr) in1978 [NPC-74, 90].
 
E.5.4.3. PAPER
 
This section lists several actions that can be taken in the paper indus­
try to reduce energy consumption. The actions are broken down into three
 
classifications: (1)good housekeeping, (2)improve combustion efficiency,
 
and (3)process improvements.
 
The EEA study estimates that more than 10% energy savings can be achieved
 
by good housekeeping measures by 1975 as compared to 1972 figures. The
 
industry energy usage was 39.9x10 6 BTU/ton in 1972, and the production was
 
59.5 tons. [EEA-74, 2-12].
 
Increase recovery inwaste heat boilers of fuel equivalent in bark and
 
spent-pulp liquor the 1967 indgstry average can be improved by at least
 
25%. from 14.5xlO to 18.0 x 10 BTU per ton of paper [PFE-74,62].
 
Most conservation actions can be classified as process improvements.
 
Below is a list of selected actions along with the source of the information:
 
Exploit all opportunities to produce electricity prior to generating
 
low-temperature process steam, and sell surplus electricity to
 
utilities [PFE-74, 62].
 
Increase recycling of waste paper. The industry trend throughout
 
the 1960's was toward less recycling, even though recycled paper
 
requires less than 1/4 as much fuel as paper made from raw wood
 
products [PRE-74,62].
 
Incorporate paper-forming processes which require less fuel
 
for drying; specifically, Thermo Electron's Lodding K-Former23
 
can reduce the water throughput by as much as a factor of 4,
 
and the fuel demand of the paper-making phase of production by
 
55%. Most of the saving is due to the reduced drying requirements
 
that result because of less stratification in the wet sheet -­
more water can be pressed from the sheet prior to entering the
 
dryer section [PFE-74,61].
 
Increase the integration of pulping and paper-making operations
 
to eliminate fuel used for pulp drying prior to shipment from
 
the pulp mill to the paper mill, which requires 3.4x0 o6 BTU per
 
ton of pulp dried [PFE-74,61].
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Increase use of continuous rather than batc digesters. Continuous
 
digesters reduce fuel consumption by 1.x10 BTU per ton [PFE-74,61].
 
Improvement of techniques and practices which decrease broke
 
(unusable paper), minimization of grade changes on the paper
 
making machines and increase in pulp yields [NPC-74,42].
 
Avoidance of over drying paper (a 1% decrease in moisture content
 
at the dry end of the paper machine can require almost 3% more
 
steam) [NPC-74,42].
 
Increased effectiveness of the press section (a1% average

decrease in moisture delivered to the dryers by the press
 
section can be achieved by various control methods and/or press

improvements. Because moisture level is on the order of 60% at
 
this point, net steam savings is upwards of 5% of the steam
 
used in the dryers.) [NPC-74,42].
 
Use of hot exhaust air from gas turbines for paper drying
 
[NPC-74,42].
 
Increasing the use of wood refuse and other solid wastes as
 
fuels (NPC-74,42].
 
Improvement of water pollution abatement procedures. (This can
 
mean substantial savings of heat if approached via reduction of
 
fresh water usage through recycling and can achieve plantwide
 
steam savings of up to 10%.) [NPC-74,42].
 
Improvement of process ventilation methods (for example, the
 
closed paper machine hood achieves a 5-10% steam saving by

using less air to vent the evaporated moisture. In cold climates,
 
the elevated temperatures which result from closing the hood
 
present an opportunity for heat reclamation by economizers and
 
result in even greater savings.) [NPC-74,42].
 
The cumulative effect of implementing various conservation actions in
 
the paper industry is summarized inTable E.5.4.3-1.
 
E.5.5 CONSERVATION ACTIONS
 
The section is intended to provide a general noninclusive list of
 
conservation actions that have been proposed by various individuals and
 
organizations. Some of the actions are very general while others are quite

specific and apply to only one or two industries. No ranking of these
 
actions is intended.
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TABLE E.5.4.3-1. CUMULATIVE EFFECT OF CONSERVATION
 
MEASURES ON TOTAL FUEL USAGE IN PAPER AND ALLIED PRODUCTS 1971-1990
 
[EEA-74,2-27]
 
Year Decrease from 1971 I/0 Coefficient (40 MMBTU/T)
 
Measure Estimated Projected
 
71/72 73/75- 76/80 81/85 86/90
 
MMBTU % MMBTU % MMBTU % MMBTU % MMBTU %
 
Housekeeping 2.9 7.25 6.1 15.25 6.4 16.00 6.4 16.0 6.4 16.0
 
Process
 
Improvement 0.5 1.25 1.0 2.50 2.0 5.00 3.0 7.5 4.0 10.0 
Integrated 
Shift .3 .75 1.0 2.50 1.7 4.25 2.6 6.5 3.0 7.5 
Best Practical 
Control 0.0 0.00 0.0 0.00 -.4 -1.00 -.4 -1.0 -.4 -1.0 
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Combine generation of steam and electricity
 
Increase recuperation for all combustion
 
Develop industrial energy engineering
 
Fix or maintain steam traps
 
Beneficate ores
 
Substitute fuels
 
Recycle materials
 
Reduce sensible heat loss
 
Use by-product gases to replace natural gas
 
Use continuous casting methods
 
Eliminate reheating
 
Replace oversized motors
 
Minimize make-up air
 
Clean heat transfer surfaces
 
Minimize air pressure
 
Shut down equipment not inuse
 
Eliminate energy use over off-times
 
Apply peak demand controls
 
Increase combustion efficiency
 
Reduce steam losses
 
Increase heat exchange between processes
 
Reduce drying requirements
 
Increase integration of operations
 
Recycle materials
 
Alternative processes
 
Oxygen enrichment of air feed
 
Reduce current density
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Rlace burners in regions of endothermic reactions
 
Change the product mix
 
Improve operating and maintenance
 
Monitor energy
 
Keep insulation repaired
 
Reduce excess air feed
 
Investments in energy conservation hardware
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APPENDIX F. A STUDY OF ENERGY CONSERVATION INTHE 
TRANSPORTATION SECTOR 
Chapter 6 of this report presented background to this subject and
 
a summary of the results. This Appendix has been written to convey in
 
somewhat more detail the methodology that was used in arriving at the
 
results. Also, this Appendix lists all actions, illustrates how the
 
specific ones were selected-for study, and tabulates the assessment results.
 
At the end of this Appendix, some energy envelope curves are presented
 
and discussed, and a view toward the >Cuture in transportation is offered.
 
F.1 METHOD ADOPTED
 
The systems analysis approach was adopted. Consequently, those steps
 
that were essential to the study were first identified.
 
A basic objective to our study
 
The requirements to meet the objective
 
General-constraints and criteria of importance
 
Those general means by which energy conservation can occur
 
A list of energy conservation actions, and classification of
 
these actions
 
A few methods of assessing the impact of these actions
 
Comparison of the actions with the general constraints and criterie per­
mitted the list to be reduced considerably. Completion of this process
 
was followed by an impact assessment.
 
A systems analysis diagram is s'hown in Figure F.1-1 The diagram
 
combines aspects of a system analysis diagram and that of a computer flow
 
chart. Further, it-emphasizes the important difference between actions
 
and the implementation of these actions., It is well recognized that
 
many actions could be adopted. The diagram illustrates that worthwhile
 
actions are first identified through assessment; the means by which these
 
are to be implemented should next be sought. This aspect of the study is
 
quite important, and it is likely that sub-sets of seemingly valuable
 
actions must be assessed together before a decision as to a plan of action
 
is determined. Viewed in this manner, Figure F.l-l represents not only a
 
systems analysis diagram, but italso represents a flow chart of milestones
 
that must be accomplished to reach the goal. At various stages along the
 
way, itwas necessary to iterate these steps.
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The systems block diagram represents a graphical portrayal of a
 
determination process wherein items are conceived, evaluated, selected,
 
re-evaluated and then accepted or rejected. Specifically, a conceived
 
action that will perform the required function, satisfy the listed con­
straints, meet the selection criteria, and produce no unacceptable impacts
 
becomes a viable candidate. The number of adoptions becomes a function
 
of the number desited plus the outcome of a comparison process (trade-off)
 
wherein their relative merits are examined and arrayed.
 
F.2. 	CONSTRAINTS AND CRITERIA
 
It is evident that in a broad study of this sort, both specific 
constraints and criteria evolve as the study progresses. The design 
group identified a general list of constraints and criteria; then the 
transportation task force further clarified these for its evaluation pur­
poses. It is rather important to recognize that some of these constraints 
can, in fact, be altered. Table F.2-1 shows that most of the constraints 
discussed presently are variable, and this is particularly true if one 
considers that an attempt is being made to consider the next 25-year 
period - if not longer. It is evident that, at each level of the assess­
igent procedure, both the constraints and criteria must be reexamined, 
perhaps revised, and may be made more specific. 
Criteria have been adopted earlier in the report, and the transportation
 
sector group used them in assessing proposed actions. The very first -­
that of reducing dependence on non-domestic energy -- is bf major importance.
 
It has previously been pointed out that 95% of all transportation energy
 
is presently derived from petroleum and natural gas. Since the trans­
portation sector-uses 40% of all petroleum, it is imperative that the
 
transportation sector should strive to use the supply wisely and to curtail
 
its use where possible.
 
Consider the second criteria: Will the proposed action have minimum
 
or desirable environmental impact? It is already well recognized that
 
transportation modes play a very important role in the environment.
 
Additionally, efforts to eliminate pollutants have been at odds with the
 
need to save energy. Each new engine possibility must be weighed from
 
both standpoints.
 
F.3 	POSSIBLE ENERGY CONSERVATION ACTIONS IN THE TRANSPORTATION SECTOR
 
AND THEIR POTENTIAL
 
A listing of approximately two hundred energy conservation actions
 
has been identified and compiled. The list is far from complete; yet,
 
it is representative of the types of actions which are often suggested.
 
The intent here is to present those which were considered and to present
 
the methods used to initially filter the list. Inorder to evaluate
 
these actions, they were first listed and then grouped based upon two
 
classification schemes.
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TABLE F.2-1 MODIFICATION OF THE CONSTRAINTS FOR USE IN THE
 
TRANSPORTATION SECTOR
 
Category 	 Classification
 
1. Political
 
Written Laws Variable
 
Popularity Indicators Variable
 
Strategic Posture Relatively fixed
 
Foreign Relations Relatively fixed
 
2. Economic Constraints
 
Capital Available to Each Mode Variable
 
Personal Expenditures for
 
Transportation (%of Income) Variable
 
3. Technological Constraints
 
Limits of Development (Relatively
 
smooth changes in the state-of&
 
the art) 	 Relatively fixed
 
Physical Laws 	 Unalterable
 
Implementation Time Frame 	 Variable
 
4. 	Social
 
Population Growth Self-imposed, Fixed
 
Must Consider All Groups of Persons Self-imposed, Fixed
 
S. Available Resources
 
Level of Fossil Fuel Available Variable
 
Manpower Availability Variable
 
Construction Material Availability Variable
 
Overall Capital Available to the
 
Transportation Sector 	 Variable
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The first of these classification techniques is based upon the primary
 
means to achieve energy conservation: improved system efficiency, substi­
tution for scarce energy resources, and curtailment of end use. The
 
categories were further subdivided, and all proposed actions placed within
 
one of them.
 
The second method of classification is simply one based upon the
 
concept of a macro system (operational) and a micro system (design).
 
For example, an increase in rail freight transport to obtain an improved
 
system efficiency would be classified as a part of the macro system,
 
On the other hand, an improvement in train engine efficiency would be
 
classified as an action within the micro system. Both classifications
 
are presented inTable F.3-1; macro classifications are indicated with an
 
0, and micro classifications are indicated by an S. There are other
 
mathods of classification of these actions (for example, by mode); however,
 
these lave not been used.
 
Each action in Table F.3-1 was examined and qualitatively assessed
 
by members of the group. This initial assessment represented a quick
 
evaluation based on three items:
 
Energy conservation potential
 
Ease of implementation
 
Public acceptance
 
Compilation of the results showed that about thirty-five actions were 
highly rated. However, most of these appeared in one classification area -­
that of improving system efficiency. 
An attempt to broaden the listing was made by requesttng from each group
 
member those major items that were thought to be important. Again, the
 
list was primarily restricted to the single area, though not exclusively.
 
In hindsight, it seems reasonable that the group's high ratings of the system
 
efficiency area were a result of each group member's background. (All
 
members attempted to solve the problem by providing a technical solution.)
 
The importance of this discussion is the recognition of the need to involve
 
individuals with a wide range of backgrounds in addressing problems of this
 
sort. Even now, a haunting question remains concerning the selection of
 
persons to engage in a systems analysis of the problem.
 
A very interesting, grand experiment would be to formulate a major
 
problem area, qnd then ask two independent groups to perform a systems
 
analysis of the problem. Each group would be presented the same information,
 
the same speakers, etc. Working in the same time frame, the groups would
 
be asked to present a report summarizing their own solutions to the problem.
 
These solutions should then be carefully compared to establish the common
 
ground between the two reports.
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TABLE F3-3 CLASSIFICATION OF ACTIONS,
 
I. 	Improve System Efficiency Node
 
A. By means of a better mix of modes
 
1. Provide transport centers linked to urban centers 0
 
2. Improve personal service at transit stations 	 0
 
3. Reduce travel time of public carriers 	 0
 
4. Provide listening stations, coffee availability 0
 
5. Provide hostess service 	 0
 
6. Permit airlines to operate Amtrak routes 	 0
 
7. Encourage auto companies to build railroad cars,
 
buses, and new trucks 0
 
8. Provide unions with a voice in solving transportation
 
problems 0
 
9. Eliminate duplicate transportation systems 	 0
 
10. 	Use pipelines for transporting goods S
 
11. 	 Transport people by capsule S
 
12. 	 Use a mix of conveyances that are more efficient 0
 
13. 	 Use modes of transport that provide integrated
 
service 0
 
14. 	 Integrate truck and rail freight services 0
 
15. 	Shift highway trust funds to UNTA 0
 
16. 	 Subsidize mass transit even more than at present 0
 
17. 	 Provide mass transit income tax deduction 0
 
18. 	Ride a bus at least I day/week 0
 
19. 	 Establish exclusive bus lanes 0
 
20. 	 Use school buses and city buses interchangeably 0
 
21. 	 Promote riding by train or bus 0
 
22. 	 Regulatory agency changes to shift freight from
 
truck to rail 0
 
23. 	Shift pricing to encourage use of trains and buses 0
 
24. 	 Shift industrial schedule to use fewer personal
 
transit modes 0
 
25. 	 Form carpools 0
 
26. 	 Encourage industrial carpooling 0
 
27. 	Eliminate overtime to encourage carpools 0
 
28. Use Swiss type aero busses (cable suspended) S
 
29-Use piggy back truck system to transport people 0
 
30. 	Ship by rail rather than truck 0
 
31. 	 Nationalize the railroads 0
 
32. 	 Use interstate right-of-way for improved Amtrak
 
service 0
 
33. 	Optimize air routes 0
 
34. 	 Retire corporate jets and use commercial flights 0
 
35. 	Increase freight travel by water 0
 
36. 	Free water freight from legal restrictions 0
 
B. Regulatory policy
 
1. Establish a state transport authority 	 0
 
2. Eliminate ICC freight barriers 	 0
 
3. Straighten railroad lines, and improve roadbed a
 
4. Establish a 55 mph speed limit 	 0
 
5. Improve urban traffic flow 	 0
 
6. Improve driving habits of government employees 	 0
 
7. Operate aircraft at optimum long-range cruise power 0 
8. Have frequent auto tune-ups 	 S
 
9. Develop efficiency standards 	 S
 
10. 	 Label energy consuming vehicles $
 
11. 	 Use life cycle energy cost analysis for purchasing
 
DPIGINAD PAGE is decisions 	 0 OF 	POOR QUALI 12. Purchase diesel powered cars 0 
13. 	Buy high efficiency engines, diesel, or other 0
 
14. 	 Encourage churches and similar groups to buy and
 
operate buses for their members 
 0 
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TABLE F.3-1 CLASSIFICATION or ACTIONS (CONT'D)
 
Mode
 
C. Technological improvement
 
1. Award efficient vehicle designs 	 S
 
2. Replace inefficient vehicles with eff. ones 	 S
 
3. Develop lighter weight vehicles 	 S
 
4. Design for longer life and maintainability 	 S
 
5. Use improved air conditioning systems in vehicles S
 
6. Improve conventional engines 	 S
 
7. Use Stirling cycle engines 	 S 
8. Use of Gas Turbines 	 S 
9. Use Stratified charge engines 	 S
 
10. 	 Use Rotary engines S 
11. 	 Use Diesel engines S
 
12. 	Use Warren engine S
 
13. 	 Remove emission controls S 
14. 	 Use external combustion engines S
 
15. 	 Use Steam engines S
 
16. 	 Consider frequency of oil changes S
 
17. 	 Reduce the capacity of gas tanks on new vehicles S
 
18. 	 Use higher eff. transmission S
 
19. 	 Allow free wheel drive options S
 
20. 	 Provide overdrive as an option on vehicles S
 
21. 	 Matcb engines and transmission S
 
22. 	 Use regenerative braking S
 
23. 	 Use energy storage devices S
 
24. 	 Provide regenerative battery storage S
 
25. Develop tires with reduced rolling friction 	 S
 
26. 	Use radial tires on all vehicles S
 
27. 	 Better aerodynamic designs for all vehicles S
 
28. 	 Streamline trucks S
 
29. 	More efficient packaging of freight goods 0
 
30. 	 Use container standards 0
 
31. 	 Provide tax credits on energy saved 0
 
32. 	 Standardize truck design and load requirements S
 
33. 	Provide gas turbines for trains and trucks S
 
34. 	 Improve barge shapes- S
 
35. 	Aircraft should use tail winds when possible 0
 
35. 	 Use larger pipe diameters for pipelines S
 
37. 	 Pump LNG across country S
 
38. 	Slow pumping velocities in pipelines 0
 
40. 	 Set speed limits to take advantage of best
 
operating efficiency o
 
II.Substitution for Scarce Energy Resources 
A. Electrification
 
1. Develop and use electric automobiles 	 S
 
2. Ensure government purchases electric vehicles 
for urban use S 
3. Electric driven cable cars 	 S 
4. Use of personalized transport systems 	 S
 
B. Alternate fuels 
1. Hydrogen as an automotive fuel 	 S
 
2. Methanol as an automotive fuel 	 S 
3. Ammonia as an automotive fuel 	 S 
4. Metal hydrides 	 S
 
C. Conveyor transport 
1. Moving sidewalks 	 S 
2. Transport of purchases by conveyor 	 S
 
3. Chain driven street traffic 	 S 
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TABLE F.3-1 CLASSIFICATION OF ACTIONS (CONT'd)
 
Mode
 
D. Use of manpower
 
I. Support bikeway program 	 0
 
2. Tax deduction 	for bicycle purchase 0 
3. Tax credits and Incentives for those who use bicycles 0 
4. Use skates inwarehouses 	 S 
5. Institute a safe travel system for hitch-hiking 0 
6. Walk, rather than drive 	 0
 
E. Recycle transportation products and devices
 
1. Reprocess old 	vehicles 0
 
2. Subsidize system for collecting and reprocessing
 
tires, batteries, and parts 0
 
3. Recycle lubrication oils 	 0
 
4. Give freight incentives to secondary and
 
recycled material transport 0
 
III. Curtailment of End Use
 
A. Regulatory Policy
 
1. Support EPA transportation control plan 	 0
 
2. Odd-even gas fill-up days a 
-3. Use traditional dates for holidays 0 
4. Discourage long auto trips 	 0 
5. Raise minimum 	driving age to 18 0 
6. Curtail Sunday driving from 1:00 p.m. to midnight a
 
7. Require strong justification for all "business 
travel" 	 O
 
8. Reduce non-essential military travel 	 0
 
9. Ban all speed 	races a
 
10. 	 Severly reduce government travel, say by 90% 0 
11. 	 Close comercial stores on Sundays and holidays a
 
12. 	 Increase postage to reduce mail load 0
 
13. 	Do not carry any bulk mail 0
 
14. 	 Establish bulk mail energy tax to reduce Post-

Office transportation requirements 0
 
-15. Impose parking restrictions ingowntown areas 0
 
16. -Use-fringe parking facilities for urban areas 	 0
 
17. 	 Vary parking charges according to load to
 
encourage pooling .
 
18. 	Set by law the size of private vehicles 0 
19. 	 Limit advertising of energy-wasting consumer
 
products and travel 0
 
20. 	 Issue ration coupons to autos - C
 
21. 	 Issue ration coupons to truckers 0
 
22. 	 Use a sliding scale based upon importance of use 
to determine rationed amounts C 
23. 	 Ration each of the major carriers by the fraction
 
of total freight carried 0
 
24. 	 Require an "energy program" as a part of purchase
 
considerations by the government (to include energy
 
manager, program to show design, production, and
 
purchase emphasis)
 
I. 	: 25. Require government to make vehicle purchases on basis
 
of the sum of the lowest purchase price and estimated
 
fuel costs for 10-year lifetime 
 0
 
26. .Require energy cost/benefit analysis as part of all
 
government contracts 0 
'v 27. Produce more durable vehicles S 
28. 	Provide off-peak pricing for busses and taxis 0 
29. 	 Regulate licensing fee according to d'splacement
 
and fuel efficiency 
 0 
30. 	 Develop a scaled gasoline tax-to increase geometrically
 
after an allotted use O
 
31. 	 Impose taxes on autos as a function of their ability
 
to conserve energy S
 
32. 	 Impose higher taxation on larger, heavier vehicles S
 
33. 	 Encourage incredsed license taxation on -inefficient
 
automobiles by state S
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TABLE F.3-I CLASSIFICATION OF ACTIONS (CONT'D)
 
34. 	 Impose a special tax on recreational vehicles, Mode 
pleasure boats, trailers, private and non-business
 
aircraft 0
 
35. 	Tax energy consuming accessories a
 
36. 	Increase and/or impose taxes on downtown parking area 0
 
37. 	Tax dead heading of trucks, rail cars 0
 
38. 	Impose transport taxes on all fuels, particularly
 
high ones on gasoline S
 
39. 	 Impose taxation on all vehicles from outside of a
 
region, as defined by the Census Bureau 0
 
40. 	Cities impose highway use taxes D
 
41. 	 Provide a mileage tax credit for.proven reduced
 
auto mileage 0
 
42. 	Permit accelerated depreciation,or industrial and 
commercial vehicles which are fuel efficient 0 
43. 	Tax credits on all retrofits which reduce energy
 
use 0
 
44. 	Terminate federal subsidies for airlines L
 
45. 	 Control airline flights more vigorously; increase
 
load factor 0
 
46. 	Tax air travel if less than 200 miles 0
 
47. 	 Establish minimum load factor for licensing of private
 
and/or corporate aircraft 0
 
48. 	Eliminate flight pay incentives for officers who do
 
. not need to retain their flying skills 0
 
49. 	 Control airlines movement on ground 0
 
50. 	 Require labeling of energy to manufacture on all new
 
vehicles S
 
B. 	Managed population growth rate.
 
1. 	Promote planned parenthood 0
 
2. 	Do not allow any more immigration 0
 
3. 	Provide birth control information at no cost 0
 
4. 	Educate all citizens concerning population 0
 
5. 	Cut welfare to families that produce very large

families 0
 
C. Education of all citizens concerning energy conservation
 
I.-Encourage work at home programs for professional people 0 
2. 	Minimize shopping trips 0
 
3. 	Distribute information on tune-ups, good driving
 
trips, etc. S
 
4. 	Provide inspection processes for energy savings S
 
5. 	Promote staggered working hours to reduce travel times 0
 
6. 	Encourage motorists to reduce use by T gallon/wk. 0
 
7. 	Eliminate drive-in services 0
 
8. Ask people to use elevators only for more than 1 floor
 
up or 2 floors down 0
 
9. 	Ask league of Women Voters to spread message of
 
conservation 0 
10 Merchandise energy conservation 0 
11. 	 Massive public education program 0
 
D. 	Alternatives to transportation.
 
1. 	Encourage the use of telecommOncations to eliminate
 
travel 0
 
2. 	Reduce professional meetings by use of telecomunica­
tions and written material 0 
3. 	Transport-communicative trade-off 0
 
4. 	Change distribution of news and magazines 0
 
5. 	Reduce mailing requirements 0
 
6. 	Provide more delivery services of purchased goods 0
 
7. 	Promote use of phone and written communication 0
 
8. Handle more shopping trips.and business trips by
 
phones and memo 0
 
TABLE F.3-1 CLASSIFICATION OF ACTIONS (CONT'D)
 
Mode
 
E. Improved Urban Planning
 
1. Develop and publicize local recreation and entertainment
 
possibilities 0
 
2. Revive recreational ideas which do not use energy 0
 
3- Locate shopping centers within easy walking distance
 
of neighborhoods 0
 
4. Provide for right turn on red 	 0
 
5. Better coordination of traffic light operations 0
 
- 6. Ban traffic in downtown areas 	 0
 
7. Ban parking in downtown areas 	 0
 
8. Encourage multi-force taxi regulations 	 0 
9. Use off peak pricing for busses and taxis 	 0 
10. 	Provide express lanes for carpools and busses 0 
11. 	 Provide rush hour busses on an optimal service basis 0
 
12. 	Optimize bus routes 0
 
13. 	Eliminate inefficient bus routes 0
 
14. 	 Encourage four day work weeks 0
 
15. 	 Shift to industries that do not require as much
 
transportational energy 0
 
16. 	Shift the transportational mode of various industries,
 
e.g. the food industry, etc. 	 0
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Inthis study, the transportation group eventually conceded that the
 
broad areas of substitution for scarce energy resources, and the curtailment
 
of end use should not be omitted. Through reexamination of the basic list,
 
several actions were identified ineach category that might produce some
 
energy savings. These methods finally produced a list of thirty-five

actions which were then considered inmore detail; this Table is F.3-2
 
and is also shown in Chapter 6. The next step was to determine the energy

savings potential and the basic requirements of each act-ion. These results
 
are included in Section F.4, since they are required as a part of the
 
assessment of actions. InAppendix F.4, a detailed discussion of the methods
 
used to identify and assess the impacts of these actions is presented.
 
F.4 ASSESSMENT OF ACTIONS
 
Working from the list of actions inTable F.3-2, a three stage
 
assessment, decision making process was employed.
 
Impaet assessment
 
Decision making
 
Cross evaluation
 
Impact Assessment
 
Table F.4-1; Energy Reduction Potential and Requirements, represents
 
the first step' in achieving an assessment of these actions. Data within
 
the table have been-extracted from the literature, wherever possible. Energy
 
conservation potentials illustrate the maximums stated in the references
 
listed. Drawing heavily on the displays and methodology developed by
 
[Voorhees-74], an impact assessment matrix was.developed for portraying

incapsule form: (a)Institutional Impacts, (b)Socioeconomic Impacts, and
 
(c)Environmental Impacts. Completed matrices for the above three impact
 
areas are portrayed as Tables F.4-2, F.4-3, and F.4-4, respectively.
 
Once the various sub-categories of requirements and impacts had been
 
decided upon, the task group, working as a group and drawing upon their
 
individual data bases acquired in the early weeks of this systems study,

completed Tables F.4-1 through F.4-4. As an aid inthis process, brief
 
definitions for all impacts and requirements were provided and are included
 
immediately following Table F.4-4.
 
Decision Matrix
 
- The impact assessment matrices Tables F.4-2 through F.4-4 are a
 
concise way of indicating a multitude of impacts, but additional
 
steps are necessary to screen the list of possible actions to a smaller
 
number. Drawing upon the work of [Hill-70], a weighted decision matrix
 
was developed. The completed matrix is given a Table F.4-5.
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TABLE F.3-2.- ENERGY CONSERVATION-ACTTONS IN-THE TRANSPORTATION SECTOR
 
1. Improve System Efficiency
 
A. System Operations Improvement 

1. 	Use modes that are inherently more efficient 

2. 	Shift from truck to rail 

3. 	Form carpools 

4. 	Shift passenger traffic from auto to bus 

and/or rail 

S. 	Use auto-train and/or railroad and 

airport auto rental 

6. 	Optimize air routes by eliminating short 

hauls, increasing load factors, and 

reduction in cruising speed 

7. 	B5 mph speed limit 

B. Technological Improvement
 
8. Use lighter weight autos
 
9. Design for prolonged life
 
10. 	 Stratified charge engine
 
11. 	 Other improved engine designs
 
Stirling cycles, gas turbines,

rotary engines, Rankine cycle
 
engines
 
iz. Improved transmissions
 
Better matched to engines

Elimination or improvement of
 
automatic transmissions, or with
 
lock up
 
13. 	Hybrid systems (flywheel, hydraulic
 
battery storage, etc.)
 
14. 	 Improved tires (radials)
 
15. 	 Aerodynamic improvements
 
II. Substitution for Scarce Energy Resources
 
A. Electrification of Particular Modes 

16. 	 Electric automobiles 

17. 	 Electrification of railroads and 

urban buses 

C. Use of Manpower 

20. 	 Promote a bikeway program 

21. 	Walk, rather than drive 

III. 

A. Managed Population Growth Rate 

24. Promote planned parenthood 

25. Reduce immigration into this country
 
C. Alternatives to Personal Transportation 

29. 	 Use telecommunications to eliminate 

travel 

30. 	 Provide more delivery services of 

purchased goods 

E. 34. Reduced travel incentives
 
B. Alternate Fuels
 
18. 	 Hydrogen
 
19. 	 Other fuels (methanol, liquified
 
methane, ammonia, etc.)
 
D. Recycle Transportation Products
 
22. 	 Reprocess wornout transportation vehicles
 
23. 	 Recycle lubrication oils
 
Curtailment of End Use
 
B. Education of All Citiiens
 
26. 	 Obtain support of groups like League
 
of Women Voters
 
27. 	 Support public education programs
 
28. 	 Obtain support of corporations to
 
provide employee incentives
 
D. Improved Urban Planning
 
31. 	 Develop and publicize local recreation
 
and entertainment.possibilities
 
32. 	 Locate shopping centers within-walking
 
distance
 
33. 	 Ban parking in downtown areas
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TABLE 	F.4-1. ACTIONS TO CONSERVE ENERGY INTHE TRANSPORTATION
 
SECTOR: ENERGY REDUCTION POTENTIAL AND REQUIREMENTS
 
Action Time to 
Energy 
Reduction 
Implementation Requirements 
Group Action Implement Potential Cost Manpower Materials 
I-A I M-L L L L L 
2 N-M N S S S 
3 N L S S S 
4 N-M M M M M 
5 N N M S M 
"6 N-M M S S S 
7 N L S S S 
I-8 8 N L S S S 
9 N-M 5. S S S 
10 N M S S S 
11 N-M M M S S 
12 N S S S S 
13 M M M S S 
14 N M S S S 
15 N S S S S 
II-A 16 M-L L M M M 
17 M-L M M M M 
II-B 18 M-L L L L L 
19 M L M M M 
I1-C 20 N S S S S 
21 N S S S S 
II-D 22 N S S S S 
23 N S S S S 
ITT-A 24 N-M M S S S 
25 N S S- S S 
III-B 26 N M S S S 
27 N M S S S 
28 N S S S S 
II-C 29 M M M S S 
30 M M S S S 
III-D 31 N S M S S 
32 M M M M M 
•33 N M S S S 
III-E 34 N M S S S 
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TABLE F.4-I (Cont.). ENERGY CONSERVATION ACTIONS AND APPROPRIATE REFERENCES
 
Conservation
 
Actions Potential - Quads References
 
IA 1 10 - 25 [Rice-74], [Ford-74], [Krzyczkowski-75], [UMTA-P-74], [DOT Pratt-73] 
2 . 0.5 [Malliaris-73, [Ford-74], [IMTA-P-74J 
3 0.5 - 1.0 [Nalliaris-73], [Voorhees-74]
 
4 0.5 - 10.0 [Malliaris-73J, [O'Connell-73], [Ford-74]
 
5 1.0 - 4.4 [Rice-74]
 
6 0.05- 0.3 [Mallaris-73J, [Ford-74J, [Pilati-74], [Mutch-73]
 
7 0.25- 0.5 [Malliaris-73], [Voorhees-74] •
 
IB 8 0.5 - 1.5 [SAE-75], [Malliaris-73], [DOT-EPA-75],.[APS-75], [Pierce-75] 
9 0.4 [Berry-73]
 
10 1.0 - 3.0 [DOT-EPA-75], [APS-75], [Cohn-75J, [Kunmer-75], [Pierce-75] 
11 . - 4.0 [Schneider-753, [Kummer-75], [BNA-EUR-75], [Pierce-75], [Mulliaris-73] 
12 0.5 - 1.5 [Malliaris-73], [DOT-EPA-752, [APS-75], [Pierce-75J
 
13 - [Beale-74], [Nondahl-75], [Lawsbn-74].
 
14 0.2 - 0.8 [Malliaris-73j, [DOT-EPA-75J, [APS-75), [Piercer75]
 
15- O.- 0.8 EMalliaris-73], [DOT-EPA-75], [APS-75], [Pierce-75]
 
IUA 16 [alliaris-73]
 
17 
 [Mascy-74] 
IIB 18 0 - 1-.5. [Malliaris-731, [Alexander-75], [Stocky-751, EAGA-72) 
19 [Malliaris-73]. [Alexander-75]
 
IN 20 0.1-- 0.25 [Ialliaris-73], [DPD75], [Voorhees-74
 
21 0.1 - 0.25 [Malliaris-73,,[Penner-74] 
lID 22 0.1 - 1.2 [SAE-75]. [Berry-73], [Hannon-75) 
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TABLE F.4-1 (Cont.). ENERGY CONSERVATION ACTIONS AND APPROPRIATE REFERENCES
 
Conservation
 
Actlons Potential - Quads References
 
23 [H.R. 7014-75]
 
IlIA 24 - 2.0 [Holdren-73]
 
25 - 0.25 [Ryder-73J
 
IIIB 26 1.5 - 3.0
 
27 1.5 - 3.0 
28 - 0.5
 
IIC 29 0.1 - 0.5 [Voorhees-74]. [Tyler-74], [Latney-75J
 
30 0.1 - 0.25 [Voorhees-74]
 
IID 31 0.5 - 1.0
 
32 0.1 - 0.2 [Voorhees-74)
 
33 0.1 - 0.25 [Malllarls-73]
 
IIIE 34 1.0 - 2.0
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TABLE F.4-2 ACTIONS TO CONSERVE ENERGY INTHE TRANSPORTATION
 
SECTOR: IMPLEMENTATION CONSIDERATIONS AND INSTITUTIONAL IMPACTS
 
New Who Is To Who Has A 
Action 
Group Action 
Legislation 
Required 
Administer 
Action 
Implementation 
Organizational 
Changes 
Required 
Stake InThe 
Actions and 
Administration 
Public 
Reaction 
Enforce­
ment 
I-A I Yes PL.SSF L L + Yes 
2 Yes P F S S + Yes 
3 No P S M No 
4 Yes P.L.S.F S L + YeS 
5 Yes PLF s L + Yes 
6 Yes P.L1F S M + Yes 
7 Yes LSF S M + Yes 
I-B 8 Yes P F S S + Yes 
9 Yes P.F S S + Yes 
10 No P S S + No 
11 No P S S + No 
12 No P S S + No 
13 No P S $ + No 
14 No P S S + No 
15 No P S $ + 11L 
11-A 16 Yes P.LS.F M L + Yes 
17 Yes P.L.S.F M M + Yes 
Il-B 18 Yes PL.S.F NL Yes 
19 Yes P.L.S.F M M + Yes 
II-C 20 No 'P.L S S + No 
1I-0 
21 
22 
23 
No 
Yes 
Yes 
-
PPILAF 
PSF 
_ 
S$____ _ 
S 
_ 
_ 
SS 
S 
0+ 
+ 
Noe 
Yes 
III-A 24 Yes LS.F S M + Yes 
25 Yes F S S + Yes 
III-B 26 No P S S + No 
27 Yes P.L.S.F S S + Yes 
28 Yes PF S S + Yes 
Ill-C 29 Yes PLS.F L L + Yes 
30 No P S S + No 
III-D 31 No L.S S S + No 
32 No I S M + RD 
33 Yes PL S M + Yes 
TII-E 34 Yes P,LS,F M M + Yes 
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TABLE F.4-3 ACTIONS TO CONSERVE ENERGY
 
INTHE TRANSPORTATION SECTOR: SOCIOECONOMIC EFFECTS
 
Action Travel Life Social Economic Development 
Group Action Safety Changestyle Equity Dislocations Opportunities 
I-A 1 + + LE Mi LE LE 
2 0 + SE Mi SE SE 
3 + + SE M1 NE NE 
4 + + SE Mi SE SE 
5 + + SE Mi SE SE 
6 0 0 NE Mi SE NE 
7 0 + NE Mi NE RE 
I-B 8 0 SE Mo SE SE 
9 0 0 sE Mi SE NE 
10 0 0 NE Mi NE NE 
11 0 0 NE Mi NE NE 
12 0 0 NE Mi NE HE 
13 0 0 NE Mi NE NE 
14 0 + NE Mi NE NE 
15 0 + NE Mi NE NE 
I-A 16 0 0 SE Mi LE LE 
17 0 + SE Mi SE SE 
I-B 18 0 - SE Mi SE LF 
19 0 o0i S& SF E 
I1-C 20 0 - Mi NF NC 
21 - 0 SE Mn NF MF 
IH-D 22 0 a E. i NF SF 
23 0 0 Nj Jj NF NF 
IIl-A 24 0 0 SE Mn NF 
25 0 0 NE Mi ME- NF 
Ill-B 26 0 + NF Mi NF NF 
27 0 + ME Mi up NF 
28 + + NF Mi NF NF 
IIi-C 29 + + IF M IF IF 
30 0 + SF Mi Sr SF 
lll-D 31 0 + SE Mi SF SF 
32 + + SE Mi gr SE 
33 0 + SE Mj SF SE 
III-E 34 0 + SE Mi SF _ ;p 
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TABLE F.4-4 ACTIONS TO CONSERVE ENERGY
 
INTHE TRANSPORTATION SECTOR: ENVIRONMENTAL EFFECTS
 
Action Air Noise Traffic Land Use 
Group Action Pollution Pollution Congestion Patterns 
I-A 1 + + + LE 
ion2 + + + NE
 
3 + + + SE
 
214 + + + SE
 
5 + + + SE
 
6 0 + - NE
 
7 + + 0 NE
 
I-B 8 + + + NE
 
9 + 0 0 SE 
10 + 0 0 NE 
II + 0 0 NE 
12 + o 0 NE 
13 + + 0 NE 
14 + - 0 NE 
15 + + 0 NE
 
II-A 16 + + 0 J SE
 
17 + + + SE
 
Ii-B 18 + 0 0 SE
 
19 + 0 0 NE
 
Il-C 20 + + + SE
 
-21 + + + SE
 
11-D 22 0 0 0 NE 
23 0 0" 0 NE 
II-A 24 + + + LE 
25 + + + SE 
Ill-B 26 + A+ + NE­
27 + + + NE
 
28 + + + SE
 
Ill-C 29 + + + LE
 
30 + + + SE
 
Il-D 31 + + + SE
 
-32 + + + LE
 
33 + + + SE
 
I1-E 34 + + + NE 
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TABLE F.4.-5. DECISION MATRIX
 
Socio- Environ- Total 
Conservation Institutional Economic mental Weighted
 
Actions Potential Impacts Impacts Impacts Score
 
1.0Weighting 0.4 0.1 0.3 0.2 
Factor I 
1 . 4 24  8 - .6 6.4 
2 
3 
.8 
10 
..2 
4.0 7 .7 
5.7 
7 
.5 
2.1 
4 
6. 
.8 
I .2 
6.2 
8.0 
4 
5.4 
6, .4 5,-.5 
6 .6 
7 
9 
2.1 
2.7 
6,,1.2
4- .8 
6.2 
6.5 
6 
7 
8 ."3.2 
9 . 3.6 
6 
5 
.6 
5 
5-
8 
I-.5 
,4 
3 
5 
.6 
I .0 
5.9 
7.5 
8 
9 
0 
11 
12 
13 
14 
15 
16 
1T 
18 
19 
20 
21 
2? 
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Ranking Scale #or the Above Four Criteria:
 
1. Conservation Potential: 0 = low potential; 10 = high potential. 
2. Institutional Impacts: 0 = great implementation and institutional difficulties; 
10 = few difficulties and problems. 
3. Socioeconomic Impacts: 0 = undesirable outcome or impacts; 10 = desirable impacts. 
4. Environmental Impacts: 0 = undesirable.consequences; 1-0 = desirable consequences. 
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As the four column headings in Table F.4-5 indicate, the following
 
broad criteria were established as a basis for holistically ranking
 
each of the 34 conservation actions: (a)conservation potential,
 
(b)institutional impact, (c)socioeconomic impacts. and (d)environmental
 
impacts. These criteria agree with the titles of the assessment matrices
 
discussed earlier; Tables F.4-1, F.4-2, F.4-3 and F.4-4, respectively.
 
Definitions of Impacts and Requirements
 
Reference Table F.4-1
 
Time to implement -- Estimate of the time period inwhich implementation
 
could reach 25 percent of its potential. Time periods NEAR (N) z present
 
to 1985; MID (M)= 1985-2000; LONG TERM (L) = beyond 2000.
 
Petroleum Energy Reduction Potential -- Estimate of the annual energy 
conservation potential of the action inquads. If no quantitative 
estimate is available then a qualitative assessment isused-: S = small; 
M = medium; L = large. 
Implementation Cost -- Capital costs to implement the action. If
 
dollar estimates not available, use S = small; M = medium; L = large. 
Implementation Manpower -- Human resources needed for implementation 
of the actions. Ifqualitative data isnot available, use S = small, 
M = medium, L = large to indicate the degree of this requirement. 
Specific comment as to major impact is appropriate. 
Reference Table F.4-2
 
New Legislation Required -- Isnew legislative action-at the local,
 
state or national level required for implementation --yes or no?
 
Comment where-appropriate.
 
Who is to Administer the Action and its Implementation -- Will the
 
actions be administered by private (P), local (L), state (S)or
 
federal government (F)agencies and institutions. Brief specific
 
comment is appropriate.
 
Organizational Changes Required -- Will organizational change be
 
small-(S), medium (M)or large (L)?
 
Who has a Stake in the Actions and Administration -- Small number of 
groups or institutions impacted (S), medium number impacted (M), largek 
number impacted (L). 
Public Reaction -- If public reaction is expected to be favorable so
 
-as to enhance the action use (-), if negative (r), no effect (0).
 
Reaction isconsidered to be a long run reaction after implementation.
 
Enforcement -- Indicate those actions which will need some level of
 
enforcement with yes (Y); those which are self-enforcing or not in
 
need of enforcement, no (N).
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Reference Table F.4-3
 
Travel Time -- Will the action increase (-), have no effect, (0), or
 
decrease (+)travel time?
 
Safety -- What are the safety and health consequences of the action -­
improve (+), no impact (0), decrease (-). Comments where appropriate.
 
Lifestyle Changes -- How does the action affect lifestyle or accepted
 
patterns of life; no effect(NE), small effect (SE), large effect (LE).
 
Comment where appropriate.
 
Social Equity -- Does the action impact differently on different
 
groups; minimal differential impact (Mi), moderate differential
 
impact (Mo), large differential impact (L); Comment where appropriate.
 
Economic Dislocations -- Does the action have no effect (NE), small
 
(SE) ojr large effect (LE) on patterns of work organization, tax base,
 
sales, unemployment, etc.?
 
Development Opportunities -- Does the action possess potential for
 
entrepreneural developments, new programs or projects; no effect
 
(NE), small effect (SE), large effect (LE).
 
Reference Table F.4-4
 
Air Pollution -- Does the action increase, (-), have no effect'(O)
 
or decrease (+)air pollution?
 
Noise PoTlution --increase inpollution (-), no effect (0), decrease
(+).
 
Congestion -- Does the action increase (-), have no effect (0), or
 
decrease (+)congestion?
 
Land Use Patterns -- How does the action effect land use patterns?
 
no effect (NE), small effect (SE), large effect (LE).
 
Each of the actions were evaluated for each of the four criteria
 
in terms of a ranking scale from 0 to 10 given at the bottom of
 
Table F.4-5. Assignment of rank scores was accomplished as follows.
 
The maximum ranking points of 10 for each criteria were distributed
 
across allthe individual impact column headings in Tables F.4-2
 
through F.4-5. These point assignments were arrived at as a group
 
judgment and are as follows:
 
Table F.4-1
 
Time to Implement -- this factor was not included in
 
the ranking process. It was used at a later stage
 
to separate and explore sets of actions ingroupings
 
of near, mid and long range implementation time frames.
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Energy Reduction Potential -- a score of 4 was assigned
 
if the potential was large; a score of 1 if potential
 
was small.
 
Implementation Requirements --each category, cost,
 
manpower and materials were assigned scores of 2 if
 
these requirements were small; 0 if large.
 
Table F.4-2
 
New Legislation Required --yes received a 0; no a 1.
 
Who is to Administer Action -- a score of 2 was assigned
 
if few levels were involved; a score of 0 if many were
 
involved.
 
Organizational Changes Required -- a score of 2
 
ifchanges-would be small; 0 if large.
 
Who has a Stake in the Action --a score of 2 was
 
assigned if small number of groups impacted; 0 if a
 
large number.
 
Public Reaction -- this was interpreted as the long
 
term reaction, a score of 2 for good reaction and
 
0 for poor.
 
Enforcement -- a score of 0 if enforcement required;
 
1 if not.
 
Table F.4-3 
Travel Time -- 1 if the action reduced travel time; 
0 if not. 
.Safety -- 2 if action increased safety; 0 if not.
 
Lifestyle Changes -- 2 for no effect; 0 for large effect.
 
Social Equity -- 2 if the action did not discriminate
 
unequally; 0 if there were gross inequities.
 
Economic Dislocations --2 if few; 0 if many.
 
Development Opportunities -- 1 if positive; 0 if not.
 
Table F.4-4
 
Air pollution -- 3 if the action had a strong favorable
 
impact; 0 if none.
 
Noise pollution -- 2 if good impact; 0 if not.
 
Traffic Congestion -- 3 if good effect; 0 if none.
 
Land Use Patterns -- 2 if no change; 0 if major change.
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Using the rankings for individual impacts presented above, the
 
transportation task force group (working as -agroup) assigned consensus
 
ranks for each action. These scores were totaled and appear in the
 
upper left hand area of the boxes in Table F.4-5.
 
Based on the task group's understanding of the importance of each
 
of the four criteria inTable F.4-5, weighting factors were chosen as
 
shown in the row labeled "Weighting Factor". Conservation potential
 
and socioeconomic impacts were felt to be more important than institutional
 
and environmental impacts and thus received higher weights. Other values
 
could have been chosen which would have yielded a different set of final
 
actions. A sensitivity analysis of the weighting factor could be run if
 
desired.
 
Rank scores for each action were multiplied by the weighting factors
 
to yield the weighted rankings (lower right of each diagonal). Weighted
 
ranks were summed for each action yielding total weighted scores.
 
Using the "total weighted score" column inTable F.4-5, it is
 
possible to sift out all actions which rank below some selected cut­
off score. Additionally, using the time period estimate from Table
 
F.4-1, it is possible to sift by implementation period.
 
Cross Evaluation
 
It is important to note that not all of the actions previously
 
assessed and ranked can be treated as mutually independent measures.
 
Some of them, if jointly pursued, might be counter productive. For
 
example, if public-policy were to encourage car pooling and at the
 
same time encourage flexible starting and stopping work times in work
 
places, the two actions tend to conflict with each other and ideally
 
should not both be included in the same package of conservation
 
recommendations.
 
In an attempt to grapple with this problem, borrowing from
 
[Coates-74J, [Krzyczkowski-75], and [Voorhees-74], a cross evaluation
 
mattix was set up and is presented as Table F.4-6. This table and
 
its notes need little explanation. The cross evaluation matrix
 
was accomplished by the task group as a group --discussing each pair
 
until a consensus classification could be agreed upon.
 
This cross evaluation matrix then constitutes the third and
 
final stage of a method for identifying a set of consistent energy
 
conservation actions.
 
- - -
- -
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TABLE F.4-6.' CROSS EVALUATION MATRIX
 
CONSERVATION ACTIONS 
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C -- Two actions are directly complementary or reinforcing. 
T -- Two actions are tradeoff, conflicting, both attempted simultaneously
 
night tend to be counter productive.
 
I -- Mutually exclusive actions each can be accomplished independently of
 
the other.
 
U -- Action relations undertain, could be (C)or (T). Identifies areas
 
of policy conflict.
 
F.5 SOME VIEWS TO THE FUTURE
 
Transp6rtation -- Communication Trade-offs 
The basic structures of human societies are intimately related to the
 
technology of travel and communication. Indeed [Van Vleck-74] suggests
 
that society has been defined as "an enduring and cooperating social group

whose members have developed organized'patterns of relationships through
 
interaction with one another." In the development from primitive to modern
 
complex societies of today, transportation and communication technology
 
are simply the technological extensions of locomotion and speech which, in
 
part, have been instrumental in the societal developmental process.
 
Since transportation and communication are such intimately related to,
 
and basic extensions of, human functions, it is unfortunate that in some ways
 
we are not yet adequately treating them as synergistic systems. Several
 
authors point out that in urban planning, for example, transportation is a
 
major planning factor, but telecommunications seldom enters the planning
 
picture. [Harkness-721, [Reid-711.
 
Consideration of the substitution of travel by computer-telecommunica­
tions has long been of interest to a spectrum of persons ranging from the
 
science fiction writer to the rehabilitation specialist interested in
 
creating information handling jobs for home-bound persons [Overby-74-i].
 
With growing environmental concern with automobile pollution, the recent
 
OPEC perturbation inour energy supply, etc., there is an increasing amount
 
of literature looking at energy conservation, socioeconomic, and environmental
 
consequences of substitution of travel with telecommunications.
 
It is the purpose of this section to briefly call the readers'
 
attention to some of the literature, to point out a few gross orders of
 
magnitude, to point-out energy conservation potentials, and to ask a few
 
questions as to what needs to be done in the future relative to the energy

conservation potential in telecommunication substitutes for travel.
 
Many authors indicate that improved telecommunications capability,
 
rather than causing a reduction in travel demand, might very well produce
 
a synergistic increase in the propensity to travel; thus, suggesting
 
that it is folly to explore here for energy conservation. Historically,
 
such arguments can be supported with data; however, as socioeconomic­
environmental pressures mount and as fuel costs and governmentally produced
 
travel disincentives increase, we may well see trade-offs in favor of
 
vda-rious forms of computer-telecommunications modes.
 
Various facets of the transportation communication trade-off
 
including energy conservation potential can be found in [Day-74],

[Dickson-73], [Harkness-72], [Krzyczkowski-74], [Lathey-75],
 
[Overby,74M21, and [Tyler-74].
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Illustrative of some of the energy conservation potential discussed
 
in the above is the following:
 
Travel for one person between Glasgow and London, England by
 
air would require approximately 5 times as much direct energy
 
expenditure as would a three-hour video conference between
 
London and Glasgow -- a conference inwhich more than two
 
persons could participate. If a "sound only" system were
 
used, the airplane trip consumes roughly 600 times as much
 
energy as a three-hour phone conference.
 
For the amount of energy consumed in gasoline to drive 30
 
miles round trip to work, itwould be possible for two persons
 
to remain in two way local area video phone contact for 125
 
hours.
 
Use of the telephone vs. the automobile for information acquisi­
tion, exchanges, etc. could result in a dollar cost ratio of
 
1:26 and an energy consumption ratio of 1:500 in favor of the
 
telephone.
 
The above direct energy cost examples are sometimes criticized
 
because they include only the direct energy used to operate the automo­
bile or telephone, etc. It is suggested that a better measure would be
 
to include all the indirect energy costs in the comparisons. [Mascy-75]

makes calculations of the indirect energy cost of producing transportation
 
vehicles and the energy costs in building the highways, railways and
 
airport runways. He concludes that these indirect energy costs represent

but a small fraction of the direct energy consumed in vehicle operation.
 
Since the direct-energy costs of telephones and even video phones are so
 
low compared to.automobiles, it is conceivable that indirect energy costs
 
(build, install and maintain a communication system) could be a higher
 
portion of total costs and thus cause the communication system to lose
 
a small amount in relative advantage to the automobile. A good set of
 
calculations of indirect energy costs for communication systems needs to
 
be performed. An even more interesting comparison between communication
 
and transportation systems would be one which takes into consideration
 
total resource utilization. How do the materials and manpower as well as
 
energy requirements compare for communications vs. transportation? -An
 
estimate would place the balance, at least on energy and materials, in
 
favor of communication systems. Some answersxto questions like these
 
might be obtained through econometric and input-output modeling like
 
that being carried out at the University of Illinois Center for ....
 
Advanced Computation [Hannon-75]. A preliminary exploration of the
 
transportation-communication trade-off, using imput-output techniques

has been carried out and is discussed in Chapter 8 of ECASTAR.
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With energy and cost savings as indicated above, why do we not have
 
a landslide rush to substitute telecommunications for travel? The answers
 
are not simple ones. Large shifts from transportation to communications
 
would require major lifestyle and institutional Changes and could meet
 
with considerable resistance. Small and gradual shifts, however, are
 
already taking place as our society moves from a blue collar to.a white
 
collar (information handling) sO-iety. It behooves us, therefore, to
 
study-and assess these shifts. Itmay also be necessary to consider
 
governmental policy which could create a milieu of incentives to encourage
 
shifts from travel to communications. For example, what modification of
 
the tax laws might be made so as to encourage such shifts? What would
 
be the consequences and impacts of this-public policy?
 
The National Science Foundation is presently supporting a number of
 
large research and demonstration projects relating to telecommunication
 
applications. Stanford Research Institute recently received a substantial
 
grant for study, including the energy conservation potential in substitu­
ting telecommunication for travel [Hough-75].
 
Suggestions for future studyn this area are contained inmost of
 
the previously cited materials. There appears to exist considerable
 
potential for long range transfer of NASA technology inthe trade-off
 
between travel and communication. NASA, in its space operations, has
 
developed a massive communications system competence -- hardware, soft­
ware and organizational arrangements. It has great experience inremote
 
operations using sophisticated teleoperator, man-machine, and man-man co­
mmunications technology [NASA-691. These-broad areas of NASA
 
competency placed in juxtaposition to present and future computer­
telecommunications possibilities [Overby-74-2] are suggestive of
 
important technology transfers of NASA knowhow. Perhaps NASA should
 
actively explore-from both a "market pull" and "technology push" point
 
of view the transfer and diffusion of its technological capability in
 
this area. For example, what are some of the developing information
 
needs in our society and the technological requirements to meet these needs?
 
How might NASA competence be addressed in response to these needs? As
 
pointed out earlier, we are inexorably becomiig-a nation of information
 
processors as contrasted to blue collar material handlers. Information
 
processing is suggestive of travel substitution through communications'.
 
technology, resulting in new patterns of work organization. Implicit in
 
these changes are energy saving possibilities as discussed above. Can
 
NASA technology..transfer and diffusion be applied in this area? It seems
 
that some effort ought to be expended in exploration of these possibilities.
 
Fixed Rail Transportation
 
The urban mass transit systems of the future are forseen as operating
 
on fixedrails, electrically powered and highly automated. They will
 
doubltless contain many special features to increase safety and speed of
 
serving passengers. Special systems will probably be installed to
 
transport passengers from large parking lots to rail transit stations.
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Itmay prove economically feasible to electrify say around ten per­
cent of the nation's 220,000 miles of railroad. This will cost around
 
$2 billion (an enormous sum until we look at the $50 billion spent on the
 
interstate highway system -- a cross country network of modern highway

where traffic can move legally at the tremendous speed of 55 mph!). Further­
more, if this railroad electrification should be done, it still leaves
 
198,000 route miles to be powered by other means. In a nuclear electric
 
economy (which looks like it may be our destined future for some time), ­
some kind of synthetic fuel(s) are needed for applications where electrifica­
tion is either impossible or unfeasible. In this regard, hydrogen, metallic
 
hydrides, methanol, ethanol and ammonia are all candidate fuels, but there­
are several more.
 
It appears that there will be a need for cooperative contracts with
 
the various electric utilities inthe regions common to the railway systems
 
that become electrified. Furthermore, a tremendous amount of capital must
 
be raised since the original electrification cost runs on the order of
 
$100,000 pet track mile. There are several methods of accomplishing this
 
financing iffurther study shows it to be advisable. The federal government

will be interested and, without doubt, will follow the action with much
 
interest. One factor on the bright side regarding this huge financial
 
problem is that annual operating savings would be large enough to recover.
 
the original investment in less than five years.
 
Total installation time per 1000 mile module is estimated at about.
 
three years. The annual energy required for operation is projected at around
 
a billion kWh.
 
Future locomotives may use hybrid systems. For instance, they may
 
use regenerative systems whereby the energy from braking isnot dissipated
 
as wasted heat but rather stored in some device (e.g., a maraging steel
 
flywheel). Ifotherwise wasted energy is stored in this fashion, it
 
will not only conserve energy, but will enable the use of a much smaller
 
engine and hence lower peak demand --a most vital factor concerning electric
 
utility rates.
 
Railroads would do well to consider owning and operating trucks and
 
material handling equipment (perhaps electric) at each freight terminal. In
 
this fashion they could move goods to and from the customers' doors and thus
 
capture more of the freight business now handled by trucking firms. The
 
rzilioads would enjoy a specific advantage in this regard by using electric
 
delivery vehicles when fuel prices become unreasonably high.
 
The railroads may benefit in the passenger business by promoting the
 
auto train. In this manner the passengers can enjoy the trip, busy execu­
tives can continue with their office work enroute, nobody suffers from
 
driving fatigue, the travel ismuch safer, energy is conserved, travel
 
continues 24 hours per day while passengers sleep and finally the traveler
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still has his car with him at his destination (afactor which has caused 
him to drive heretofore and caused the railroads to lose nearly all of
 
their passenger business). Once again, railroads should gain on this point
 
in an electrical economy because electric autos, while excellent for urban
 
and interurban driving, will not be practical for cross country travel.
 
Going on a long trip on the auto train would be similar to taking one's car
 
with him to Europe.
 
Railroads may also explore the merits of providing reasonably priced
 
auto rentals at each terminal for those passengers who do not own or
 
take their cars. Again, this would help to overcome the cause for losing
 
passenger business in the past.
 
Vehicular transportation
 
Carpools and vanpools will doubtless be encouraged much more inthe future.
 
Incentives will probably grow. Citizen action groups, the government and
 
employers will doubtless be involved. Bus and carpool lanes for crowded
 
city streets will be common. Large parking lots will be provided with some
 
type of people moving system to transport large numbers of people rapidly
 
to mass transit terminals or central business districts. Special systems
 
will also be provided for safe, rapid and efficient movement of products,
 
materials, and goods into and out of central business districts.
 
The battery powered electric vehicle may become common inurban and
 
suburban areas especially for stop and go delivery service. As a matter
 
of fact, the current required cost of necessary pollution control devices,
 
the increased fuel cost and much higher service and maintenance costs of
 
multistop gasolipe fueled fleet delivery vehicles, should cause fleet
 
operators to seriously examine the attributes of currently available
 
electric vehicles. In this regard, the Postal Service isadding 350
 
electric-powered Jeeps to its delivery fleet this year. Currently there..
 
are three electric p ssenger vehicles available inthe United States. The
 
prices vary from $2,690to $5,000. Also there are three electric delivery
 
vehicles available. At present, the electric vehicle business is growing.
 
Some people are predicting that there will be around 5 million electric
 
cars in service by 1985.
 
From a noise and air pollution standpoint, electric vehicles are
 
ideal for urban and suburban use. The only requirement is sufficient
 
electrical energy for charging the batteries. This can be done at night
 
which will help electric utilities by utilizing some of their excess
 
night capacity. If a nuclear electric economy prevails inthe future,
 
there should be'no shortage of electrical energy for charging batteries.
 
Half a dozen different types of storage battery are receiving current
 
attention. The Lithium-Sulfur battery developed at the Argonne National
 
Laboratory looks particulary interesting. These batteries have produced five
 
times as much energy as comparable lead-acid batteries. They are estimated
 
to have lives of 5 to 8 years and be capable of sustaining between 1000
 
and 1500 charge and discharge cycles . A recent design study [Walters-75]
 
has shown that a 150-V battery with a storage capacity of 42 kWh can be
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used to power a 1975 Ford Mustanj II. It is 36" long; 21" wide by 22"
 
high and weighs 800 pounds. In stop and start city driving, the range of
 
the car will be approximately 120 miles. It can accelerate to 50 mph

in 15 seconds and to 60 mph in 23 seconds. The maximum speed will be about
 
80 mph. Projected cost will vary from $800 to $1,250 whereas an equivalent
 
lead-acid storage battery will cost around $2,500.
 
The battery of an electric'vehicle must be charged daily and this 's a
 
slow process. It is visualized that parking lots in cities and at railroad
 
stations and airports could be equipped with electrical outlets where motor­
ists could have their batteries recharged while parking. In this way,
 
the parking fee would apply partly for the electrical energy.
 
The battery powered vehicle does not idle while stopped as in the case
 
of a gasoline powered vehicle. It does not cause noise or air pollution
 
and neither does is burn petroleum. It has a much higher operating

efficiency than a gasoline fueled vehicle in addition to having much lower
 
maintenance costs. It is ideal for urban and interurban use.
 
It is not suited for extended highway travel because of the refueling

time required but seems ideal for use with the auto train. It seems that
 
this application would prove beneficial to both the motorist and the railroads.
 
Rail.roads and airports might also seriously consider the operation of
 
electric car rental services.
 
Alternate Fuels
 
Alternate fuels will play a vital role in the future even in a
 
nuclear-electric economy. Liquid hydrogen exhibits a great potential
 
as an aviation fuel-. Given a source of energy, hydrogen can be extracted
 
in essentially unlimit6d amount. It isworth noting that hydrogen can
 
be produced by electrolysis or water splitting methods. Its use as a
 
fuel greatly improves the performance of subsonic and supersonic aircraft,
 
whereas for hypersonic aircraft, its use will be mandatory. Liquid

hydrogen is no more hazardous than methane or gasoline [Small-74] and
 
furthermore it possesses several safety advantages. The improved

performance of hydrogen engines more than compensates for the increased
 
size and added weight of the necessary cryogenic fuel tanks. Use of
 
hydrogen in a subsonic aircraft permits a change in fuel tankage arrange­
ment which yields a drastic reduction in takeoff weight. [Smallt74]
 
Air pollution isvastly reduced; burning hydrogen eliminates carbon-related
 
products simply because there is no carbon. The noise level is reduced
 
when burning hydrogen as the fuel. The cost will certainly come down as use
 
increases. It looks as though hydrogen could possibly become the ground
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transportation fuel of the future, depending on many factors. A few
 
are portrayed inTables F.5-1 [Gregory-73] and F.5-2 [Malliaris-73].
 
In Table F.5-2, decimal numbers have been normalized with respect to
 
gasoline. The "weight" and "bulk" columns are based upon an equivalent
 
18 gallons of gasoline. The fire hazard column is rated as Poor, Fair,
 
Good, and Excellent. Toxicity appears inthe next column and is rated
 
as follows: (0: no harm), (1: slight but reversible harm), (2; moderate
 
harm; could be irreversible), and (3: severe; could be fatal). Wherever
 
two numbers appear, the first refers to inhalation and the second to
 
ingestion. The remaining columns use the same rating symbols as used
 
for "Fire Hazard".
 
Inview of the results of a preliminary assessment, [Malliaris-73],
 
the first choice for automotive fuel is to derive synthetic gasoline
 
from shale, coal, or by any other means, provided that it is economically
 
competitive with gasoline. Secondly, ethanol should be considered as an
 
alternate fuel, if it can be made economically competitive. Propane,
 
methanol, and liquid methanejinthat order, are next in the ranking.
 
Cryogenic hydrogen, hydrogen/oxygen, and magnesium hydride appear relatively
 
unattractive. The metal hydrides need further research and development.
 
Ammonia and hydrazine are even less attractive -- their poor toxicity
 
rating presents a serious problem.
 
An available technology exists today for utilizing solar energy to
 
grow suitable crops and then convert them into ethanol by fernentation.
 
In this fashion, large scale solar-energy farms could be utilized to
 
produce vast quantities of ethanol, but the economics have not yet been
 
assessed.
 
- Methanol can be synthesized in vast quantities from water-derived 
hydrogen and coal-derived carbon dioxide. It is cleaner burning than 
gasoline and is,therefore, more ecologically acceptable. In spite of 
the unfavorable energy density, the fuel economy of methanol is as good 
as that of gasoline. A methanol fueled engine is difficult to crank 
at low temperature. Also, deterioration of some typesof metal plating, 
certain plastics and a few die cast carburetor parts have been reported. 
It is believed, however, that these problems can be overcome. 
A monia-will not yield any carbon compounds as do atmospheric pollutants
 
and furthermore, its nitric oxide emission will be less than one-fifth
 
of that procuded from gasoline. It has an extremely high octane rating
 
and achieves it without the use of lead or other additives. Ammonia,
 
although toxic, has a characteristic odor and, further ore, it is lighter
 
than air so that it has a tendency to rise inthe atmosphere and disperse.
 
It is readily vaporized which is very essential for spark ignition
 
engines. It is noted, however, that copper, brass, and zinc are attacked
 
by it and hence any affected parts normally constructed of these materials
 
should be made of steel or aluminum.
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TABLE F.5-1 .COMPARISON OF STORAGE PROPERTIES OF VARIOUS FUELS [GREGORY-73]
 
SI(Metric) Units Conventional Engineering Units 
Energy Dirsity Amount Equivalent to 20 gal Gasoline Energy Density Amount Equivalent to 20 gal Gasoline 
FuelGrade 
Density 
kglm3 J/kg X 1 1 I/m3 X 105 1 kg(fuel) 
kg 
(tank and fuel) 
Density, 
Ibft 3 (60°') BW/lb It/ft3 gal Ib(fuel) 
lb 
(tank and fNel) 
Typical gacoline 702 44,380 311,700 75.7 $3.1 68 43.8 19,080 835,700 20.0 117 ISO 
Methane gas (CH4 -
I 38 X 0 N/1.2 . 2000 psi) 114 50.000 56,850 415 47.2 500 7.09 21,500 152.400 110 104 11(0 
Liquidpropane (LPG -
6 89 x 10 1Nm 2 , 00 psia) 510 44,400 236,000 100 51.1 85 31.8 19,900 632,800 26.4 112 180 
lkthaflol 
(anhyd CH3 0On) 797 20,100 160,200 147 117 141 49.7 8,640 429,400 389 253 310 
Ethanol 
(anhyd C21150H) 795 26,860 213.700 110 88.0 107 496 11,550 572.900 29.2 194 235 
Liquid hydrogen 
(at NIIP) ?1 120.900 85.900 275 19.5 136 443 51,980 230,300 726 43.0 300 
Hydrogen gas 
(1 3 X111N/r 2 ,200 pia) 1.07 120,900 12,920 1820 19.5 2090 0.667 51,980 34,650 482 43.0 4600 
Metal hydride 
(Mg2NiIHX) 1760 10,100 179.000 132 233 284 110 4,350 479.900 34.8 513 625 
Liquid ammonia 
(at NBP) 771 18.600 143,500 164 127 152 48.1 8,000 384,800 43.3 279 335 
TABLE F.5-2 [MALLIARIS-73] RELATIVE PROPERTIES OF CERTAIN NOVEL 
FUELS FOR REFERENCE PURPOSES 
Relative Relative Fire 
Gallons Pounds Weight Bulk Hazard Toxicity Combustion Distrib. Tankage 
per BTU per B (lbs) (ctt.ft.) Rating _ Rating Logistics Cost 
Gasoline 1.0 1.0 125 3 F 1-2 G E B 
Methane (Liq.) 1.6 0.9 210 5 F 0-1 E F F 
Propane 1.1 1.0 185 4 F 0-1 E F C 
Methanol 1.8 2.1 250 6 G 1-3 G F G 
Ethanol 1.4 1.6 180 3 G 1-2 G G E 
Litq. 3.9 0.4 150 13 P 0 G P P 
Hydrogen 
Liq. Hydr/ 5.7 3.6 550 18 P 0 E P l 
Liq. Oxyg. 
Magnesium 4.1 4.9 700 14 P 0 E P P 
Hydride 
Ammonia 2.0 2.3 300 7 G 3 P P F 
Hydrasine 1.6 2.3 265 5 E 3 P P F 
There are other factors which may overshadow those tabulated in this
 
section, such as availability of needed raw material, economics of produc­
tion, distribution and consumption, and finally the energy intensity of
 
synthesis. These factors may not only cause a change in indicated ranking,
 
but, when coupled with new developments, could cause an entirely new and
 
different fuel to emerge as the transportation fuel of the future. Itwill
 
be interesting indeed to watch for the fuels of the future.
 
The following references were used inwriting this section:
 
[Ankrum-742
 
[Bader-751
 
[Dietz-752
 
EFisher-742
 
CFleming-75
 
[Gregory-73J
 
[Hafer-76
 
CHeck-752
 
[Hodson-742
 
[Holt-75J
 
[Ingamells-751
 
EKucera-75)
 
[Lancaster-752
 
[Mulliaris-732
 
[Morris-752
 
[Powell-75J
 
CSchaefer-75J
 
[Shuldiner-75J

[Sil ien-75J 
EStewart-741
 
[Tillman-752
 
[Vanderslice-741

[Walters-75
 
[Weiner-75J
 
[Whalen-753
 
EWyman-692
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F.6 ENERGY ENVELOPE CURVES FOR THE TRANSPORTATION SECTOR
 
Inan effort to clarify the potential savings of energy by various
 
actions, energy envelope curves were produced for the movement of
 
passengers and freight. Ineach case, the projected passenger-miles
 
and ton-miles were assumed to be unchanged from the historical
 
growth pattern. [Ford-74, 444-454]
 
F.6.1 PASSENGER TRAFFIC
 
The United States population growth was assumed to be that shown
 
by the U. S. Census Bureau. [Census-72] The historical growth,
 
HG, of our population, and the total number of passenger-miles are
 
shown in Table F.6.1-1.
 
Several of:the assumptions and other required data to produce
 
these energy envelopes were taken from the report "ATime to Choose,
 
America's Energy Future", which was funded by the Ford Foundation
 
"[Ford-74, 440-441] These assumptions included: 
"The heating value of gasoline is 125,000 BTU's 
per gallon. 
Cars are driven, on the average, 10,000 miles 
per year. This isan average figure for 1970 
and has changed a little over the years. 
The urban load factor is 1.4 passenger-miles 
per vehicle miles; the rural value is 2.4 pm/ 
vm. [DOT-1972] 
The average rural fuel economy (FE)r isassumed 
to be 1.3 time the urban fuel economy (FE)u. 
Both are related to the average fuel economy 
(FE)av by 
(FE)r=(I+0.3 fu)(FE)av 
(FE)u=(C+0.3 fu)(FE)av 
(
(F.6.1-1) 
1.3 
where fu is the fraction of vm driven in urban areas."
 
Inorder to generate a curve representing the maximum amount
 
of energy required to provide the passenger-miles shown inTable
 
F.6.1-1, the following assumptions were made. First, since the U. S.
 
is extensively laced with roads and since the automobile ismore
 
energy intensive than either the bus or the railroad, it was as­
sumed that all passenger traffic was shifted to automobile. However,
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TABLE F.6.1-1
 
HISTORICAL GROWTH OF THE U.S. POPULATION AND
 
THE NUMBER OF PASSENGER-MILES TRAVELED
 
YEAR POPULATION PASSENGER-MILES
 
1970 205 million 1.90 x 1012
 
1975 215 2.16 x 1012
 
1985 236 2.50 x 1012
 
2000 265 3.71 x 1012
 
TABLE F.6.1-2 PASSENGER TRANSPORTATION
 
REQUIREMENT (quadrillion BTU's)
 
H G MAXIMUM ENERGY REQUIRED
 
1970 1975 1985 2000 1970 1975 1985 2000 
Auto 8.2 10.0 12.5 15.2 8.75 10.67 13.25 16.12 
Bus 0.2 0.2 0.2 0.2 - - - -
Air 0.9 1.32 2.76 6.20 0.90 1.32 2.76 6.20 
Rail 0.03 0.04 0.05 0.09 - - - ­
9.3 11.6 15.5 21.7 9.7 12.7 16.0 22.3 
TABLE F.6.1-3 MINIMAL PASSENGER TRANSPORTATION 
REQUIREMENT (quadrillion BTU's) 
MODAL SHIFTS IMPROVED EFFICIENCY 
Auto 
Bus 
Air 
Rail 
1970 
2.82 
1.81 
0.56 
0.94 
6.1 
1975 
3.40 
2.05 
0.82 
1.10 
7.4 
1985 
4.09 
2.47 
1.72 
1.40 
9.7 
2000 
4.95 
2.91 
3.87 
2.13 
13.9 
1970 
2.82 
1.81 
0.56 
0.94 
5.I 
1975 
3.40 
2.05 
0,82 
1.10 
7.4 
1'985 
2.71 
2.22 
1.55 
1.28 
7.8 
2000 
2.21 
2.18 
2.91 
1.60 
8.9 
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because ajycrft are more energy intensive than automobiles,
 
the projected historical growth pattern for air passenger travel
 
was retained. Table F.6.1-2 shows both the historical growth pat­
tern and the maximum amount of energy required taking into account
 
the shifts of mode assumed.
 
Next, an estimate of the lowest amount of energy required to
 
achieve the same amount of passenger travel was produced. These
 
calculations were made in two parts; first, by assuming substantial
 
shifts in the mode of transportation, and secondly, by assuming increases
 
in the efficiency of each mode. These assumptions are listed as follows:
 
Extensive urban carpooling was assumed with an
 
average of 3 passenger per vehicle for 50% of
 
all urban miles.
 
The remaining 50% of urban miles were assumed
 
to be provided by buses.
 
A shift of 50% of intercity, or rural, pas­
senger-miles to bus and rail was assumed.
 
One-half of this amount was carried by each
 
mode.
 
Next, domestic airline travel was assumed to
 
be cut by one-half and shifted to rail. The
 
remainder was assumed to be carried by the
 
airlines, and no change in international traf.
 
fic was assumed.
 
Finally, fuel efficiency improvements for each
 
mode were assumed. These improvements were
 
assumed to occur linearly with time. A 100%
 
improvement in fuel efficiency by the year
 
2000, was assumed for the automobile. On the
 
other hand, only a 25% improvement, by the
 
year 2000, was assumed for the other modes.
 
These changes were assumed to begin in the
 
year 1975.
 
Using these assumptions, 1-4, energy requirements based on modal shifts
 
were evaluated, then the effects of efficiency improvements were
 
included. Both modifications are shown inTable F.6.1-3. A plot
 
of these results is shown in Fig. F.6.1-1.
 
F.6.2. FREIGHT TRAFFIC
 
In similar manner, the envelope curves for movement of freight
 
were established. To determine the maximum energy envelope, it
 
was assumed that all energy carried by the rails was shifted to
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trucks. The average fuel efficiency for all trucks was taken to
 
be 5,750 BTU/ton-mile while for trains the fuel efficiency was
 
taken as 670 BTU/tone-mile. [Ford-74] Air freight was assumed
 
to be the same as the historical growth pattern. Energy use pat­
terns are shown inTable F.6.2-. Itshould be emphasized that
 
the number of ton-miles is the same for both cases. To include
 
all transportation energy required, operation of farm machinery
 
and miscellanous uses were included in the freight category.
 
Miscellaneous includes ship requirements.
 
To establish the minimum energy requirements, several assumptions
 
were made.
 
The energy requirements for farm machinery were assumed to be
 
the same.
 
The energy requirements for the miscellaneous category were
 
assumed to be the same.
 
According to [Ford-74 pg 451], "40% of dll freight
 
tonnage in 1967 could have been hauled by either
 
truck, or rail. However, trucks carried over 80%
 
of this cargo. These estimates along with the
 
actual ton-miles carried by both rail and truck
 
were used to establish that trucks were necessary
 
for about 174 x 109 ton-mi1es of cargo; this is'
 
about 14% of the total. This percentage has been
 
assumed constant in the required calcutationi.e.,
 
the other 86% was assumed to be carried by rail.
 
Also, all-domestic air freight was assumed tobe
 
moved by rall and truck, and in the same percen­
tages as stated previously.
 
Finally, air, truck and rail modes of transport­
ation were assumed to improve in efficiency in
 
a linear fashion by 25% by the year 2000.
 
Both the effects of shifts of mode and improvements in efficiency are
 
shown in Table F.6.2-2. These results are plotted in Fig. F.6.2-1.
 
Adding the energy results produced for freight and passenger transporta­
tion yields Figure F.6.2-2. Then, the domestic petroleum supply and the
 
total oil supply have been included in Fig. F.6.2-3, as well as the results
 
of the technical fix and zero energy growth as studied in the Ford Founda­
tion Project.
 
It is this curve that is rather fascinating. First, it shows
 
the difficulties ahead for the country if the historical growth pat­
tern is allowed to proceed unchecked, and the severe dependence on
 
foreign oil that would result. The Figure also provides a solid
 
argument for either alternative fuel resources, or required large
 
changes in lifestyle, or both.
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TABLE F.6.2-1 FREIGHT TRANSPORTATION ENERGY
 
REQUIREMENTS (quadrillion BTU's)
 
H G MAXIMUM ENERGY REQUIRED
 
1970 1975 1985 2000 1970 1975 1985 2000 
Air 0.30 0.50 1.60 5.40 0.30 0.58 1.60 5.40 
Truck 3.50 4.20 5.30 6.50 7.96 9.52 13.11 20.06 
Rail 0.52 0.62 0.91 1.58 - - - -
Farm mach 1.10 1.20 1.30 1.70 1.10 1.20 1.30 1.50 
Misc. 0.90 1.00 1.30 1.70 0.90 1.00 1.30 1.70 
6.3 7.6 10.4 16.7 10.3 12.3 17.3 28.7 
TABLE F.6.2-2 MINIMUM FREIGHT TRANSPORTATION
 
ENERGY REQUIREMENTS (quadrillion Btu's)
 
MODAL SHIFTS IMPROVED FUEL EFFICIENCY
 
1970 1975 1985 2000 1970 1975 1985 2000
 
Air 0.10 0.24 0.72 2.49 0.10 0.24 ' 0.54 1.87
 
Truck 1.00 1..37 1.85 2.89 1.00 1.37 1.39 2.17
 
Rail 0.81 0.95 1.28 2.01 0.81 0.95 0.96 1.51
 
Farm Mach.1.10 1.20 1.30 1.50 1.10 1.20 1.30 1.50
 
Nfisc 0.90 1.00 1.30 1.70 0.90 1.00 1.30 1.70
 
3.9 4.8 6.5 10.6 3.9 4.8 5.5 8.7
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- APPENDIX G. 	 CONSERVATION IN THE RESIDENTIALAND
 
COMMERCIAL SECTOR
 
G.l. INTRODUCTION
 
A detailed analysis of conservation actions relevant to the sector
 
leaVes one with the conclusion that the potential for savings is great

and, if the nation is determined to curtail its dependence on oil imports,

concerted efforts must be made to achieve this potential. The task will
 
not be easy, however, since many of the actions require significant life
 
style changes that are difficult to accomplish. For example, turning back
 
thermostats at night, reducing lighting, and maintaining proper condition­
ing of appliances are apparently easy tasks to achieve, but evidence indi­
cates otherwise. Even the retrofitting of homes is hindered by initial
 
costs, though the payback period is short. Also, consumption patterns are
 
very unpredictable -- families living in nearly identical homes may vary

radically in energy demands.
 
Furthermore, many of the conservation actions that are cited as
 
"instant" solutions to the energy crisis ire those with only mid to long

term potential. Solar energy is one example; the heat pump is another.
 
There are ways, however, of accomplishing very significant

savings in.the residential/commercial sector. Three approaches are viable
 
-- adjusting price-structure, mandating actions, and educating consumers.
 
Of these three, the first two appear to be the most feasible, but they
 
are not without a price. Higher utility bills adversely affect the poor

and the elderly on fixed incomes and leads one to the conclusion that a
 
dramatic rise in the price of gasoline might accomplish the same savings
 
without as much societal disruption. One can carpool to work or drive a
 
smaller automobile. Itmay be more difficult, however, for the elderly to
 
lower thermostat settings in the winter or do without air conditioning dur­
ing air pollution episodes. Likewise, strict mandatory measures can be
 
quite distasteful.
 
But the alternatives, such as voluntary savings accomplished through

education.processes, have a minimal effect in a nation without a true conser­
vation ethic. In the time period from June, 1,973 to June, 1974, gasoline

demand increased by 2.9 percent even thbugh prices had jumped by 42 percent
 
and the nation was in the midst of a mass4ve indoctrination program to save
 
energy.
 
G-2 
In order to realize the potential afforded the residential/commercial
 
sector for conserving energy, we recommend that the following actions be
 
properly assessed inorder to determine their overall feasibility.
 
Provide tax incentives for a massive retrofitting of homes.
 
Mandate 50-30-10 footcandle standard for all commercial buildings.
 
The "delamping" program in the General Service Administration is
 
an excellent indication that "policy" actions can succeed with
 
minimum impacts.
 
Accomplish 500,000 solar installations per year by 1980 by sub­
sidizing industry for their production and providing tax incentives
 
for installation in all new buildinq starts.
 
Adopt differential pricing of electricity for households.
 
Investigate the standardization of appliances.
 
Adopt guideline of 30,000 BTU/sq.-ft. for energy consumption
 
in residential/commercial buildings.
 
Encourage the building of smaller homes by raising property taxes.
 
Train "energy consultants" to work with the homeowners and small
 
commercial establishments to accomplish savings and to educate
 
homeowners on concepts such as life-cycle costing.
 
Encourage greater consumer acceptance of heat pumps and increased
 
market 	penetration, especially in Southern regions or as an alter­
native-to-electric resistance heating.
 
Increase funding for implementation of technologies developed by
 
NASA and similar agencies. (Ex. a midwestern utility is presently
 
using an aerial survey technique developed with NASA support to
 
measure rooftop heat loss from homes and commercial buildings and
 
show their owners whether they are wasting fuel because of inade­
quate insulation.)
 
G.l.l. 	IDENTIFYING AND ASSESSING CONSERVATION ACTIONS INTHE RESIDENTIAL/
 
COMMERCIAL SECTOR
 
As the 	group oroceeded with the task of identifying individual conservation
 
actions it became obvious immediately that the actions could be classified
 
into a 	number of categories. At first the most obvious classification
 
seemed 	to be under the broad topics -- increased efficiency, reduced demand
 
and substitution. The task group actually divided into three sub-task groups
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for the specific purpose of considering the actions under these headings.
 
It soon became apparent, however, that actions may not only increase effi­
ciency but also reduce demand. Of course, substitution actions automatically
 
reduce demand of a scarce resource. By retrofitting one reduces the space
 
heating requirement while increasing the overall efficiency of the building.
 
Utilization of solar hot water heating may reduce demand for the scarce re­
source natural gas.
 
Another obvious means of classification was by time frame. Near or
 
short term actions are those that are implemented before 1985; mid term
 
actions fall into the time period 1985-2000; and long term actions are those
 
that require major technological developments and will not be implemented
 
before 2000. This classification served a very useful purpose. If an immed­
iate response to the OPEC embargo was one of reducing demand on foreign im­
ports by conservation-actions, then it seemed logical to identify those act­
ions that bring immediate relief. Planting shade trees was not one such act­
ion for obvious reasons. Neither was solar energy, although it may have tre­
mendous potential inthe future.
 
In addition, most actions may be identified under the general categories
 
of those that: (1)impact HVAC systems (heating, ventilating, and air
 
conditioning), (2)reduce lighting, (3)affect appliances or (4)general

housekeeping measures.
 
Whatever the classification,, it was necessary to identify a number
 
of conservation actions and then filter these through an evaluation matrix.
 
The purpose of such a procedure was to pliminate a number of actions by an
 
initial qualitative assessment and in the process identify those with
 
oosslblv high ootential. .See Figure G.l.1-1 for a-diagram of
 
the overall approach, Sedtion G.1.3 contains a list of conservation
 
actions relevant-to the sector. In a proper analysis all of these
 
actions would be assessed qualitatively by utilization of an action
 
evaluation matrix such as that depicted in Table G.1.1-1. The matrix
 
provides for consideration of potential savings, ease of implementation,
 
requirement availability Jmoacts and a final listing as to overall
 
potential. Although time did not allow all actions to be assessed, Table
 
G.1.1-1 lists several assessed actions to illustrate the methodology.
 
The assessment code allows one to range from a +H to a -H where
 
+H is highly favorable or positive and -Hrefers to a highly unfavorable
 
action. To illustrate,, a +H rating for capital availability indicates a
 
highly favorable response to the criteria "Isthe capital available?".
 
Likewise, a.-M rating for environmental impact indicates the liklihood
 
of unfavorable environmental disruption if the action is implemented.

After a qualitative assessment, several specific actions were individually
 
assessed to determine their overall feasibility by considering major
 
requirements and impacts. Detailed assessments for the selected actions
 
are summarized in Chapter 7 and listed inAppendix G.2 through G.6.
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IDENTIFY CONSERVATION ACTIONS 
ASSESS POTENTIAL ENERGY 
CONSERVATION OF ACTIONS 
IDENTIFY MEANS FOR 
CONSERVATION BY EACH 
OF THE SUB-TASK GROUPS .	 IETF AREST
 
IDENTIFY BARRIERS TO
 
* REDUCE CONSUMPTION 	 IMPLEMENTATION 
* INCREASE EFFICIENCY 
* SUBSTITUTION­
. IDENTIFY INCENTIVES 
ASSESS IMPACTS I 
FIGURE G..I-1. 
SCHEMATIC OF THE THREE SUB-TASK GROUP SYSTEMS APPROACH 
INTHE RESIDENTIAL/ COMMERICAL SECTOR 
TABLE G1,.I-l CONSERVATION,ACTION EVALUATION MATRIX 
AVA"-" 
AVAILABILITY IMPACTS 
"4" ravorable or positive 
Unfavorable or negative 
"H"High
"M Meduim 
"L"Low 
CONSERVATION " No effect 
ACTION o COMMENT 
Reduce thermostat 
setting to 68b in 
winter 
+M +M +H +H +H -L 4M +H +H +M Residential saving 550 x 106 BTU 
to 670 x 1O BTU,'or 30-40 dollars 
per unit. Total potential saving 
2.07 quads. Requires no me:.ey,
material 6r manpower. Implement­
ation depehds on educational pro­
grams and financial incentives. 
Impacts on utility load factor. 
Can be instituted immediately and 
be effective in the near term. 
Raise thermostat 
setting to 780 in 
surmer 
4L 4M +H +H +H --L +M +H, +H +L Easy to impleient. Total notentlal 
annual savings 1.066 q,and assumed 
achievable savings of 522 0. 
No investment required. Also 
'impacts on utility load factor. 
Alter the night-
thermostat setting to 
600F at hght (8hrs.) 
+M' -L +L +L -L +L -L +L +M +L Total Dotential annual savings
1.15 0 but assumed achievabli sav­
ings only .273 Q. 
Impacts inutilities, bedding
manufacturers, users. Increasing 
fuel costs are incentive for 
action 
*Potential .savings for 
both Residential and 
commercial sectors are 
combined insome cases 
TABLE G.1.1-1 CONSERVATION ACTION EVALUATION MATRIX (con't) 
U_ 
_ AVAILABILITY 
_jcc_ 
lip "S 
,CD 
CONSERVATION w 0< cc 
ACTION vQU 0 COMMENT 
Add insulation at 
,ceilings to R-19 value 
+M -L tL +L -L +L -L +L +M +L 
Impact on suppliers and installers. 
Requires moderate investment for 
payback in 10 years or less. Sat­
uration of potential will be slow 
ifat all and not be effected be­
fore 1985. 
Total potential annual savings 
1.27 Q, assumed achievable savings 
only .378 0. 
Add insulation at 
exterior walls to R-11 
values 
+M +L 4L +L -L +L -L +L +M .L Potential savings .513 Q/yr., 
assumed achievable savings only 
.013 Q/yr. Not considered to be 
applicable to existing housing 
and only limited existing commer­
cial application.-
Impacts on materials supply and 
requires money. Most likely in­
centive ismoney. Implementation
by ,code." 
Install storm windows,. 
double glazing.or high 
efficiency glass. 
+M iL +L L +L " +L +L +L +L Save 5 to 6 dollars/window over 
winter season for an investment of 
15 to 20 dollars per window. Fair­
ly quick recovery possible. Total 
potential savings .621 Q/yt. assumed 
achievable savings .074 Q. 
Impacts of'money and materials 
manufacturers. 
TABLE G.1.1 -1 CONSERVATION ACTION EVALUATION MATRIX (con't),
 
AVAILABILITY IMPACTS
 
I,,-	 (# - , 
CONSERVATION U CDh COMMENT
 
ACTION < 2 coj COMMENT
 
Insulate hot water +L . +L +L +L +L " " " +L 	Cost of insulation is barrier,
pipes 	 considering potent3al savings.
 
As part of a retrofit program it
 
contributes savings.
 
Keep heat transfer +L -L +L +M +4 +L 4L 	 At'lows, efficient conductive heat
 
surfaces inwater 	 transfer into water. 
Potential
 
heater clean. savings small., Quickly implemented.
 
Install heat pumps-In +M +M +H +H +H +L +M -L +H +M Reduced energy consumption for
 
homes inlieu of' space heating. High C.O.P. Time

electric heating., 	 frame 1975-85. Requires consumer
 
education program. Potential
 
savings to be realized by 1985.
 
.4quads.

Favored innew construction
 
Install hot water +M +L +M +M"" +M +M +H +M A variety of low water usage aopli­
management systems 
 ances - dishwashers, showers ­
coupled with improved water heaters
 
utilizing dual tank concept and
 
timers could save.200,O00 barrels
 
of oil and gas/day. Assume 1/4 of
 
the residences used such devices
 
at savings of 50%/residence
 
G'.1.1-1 CONSERVATION ACTION EVALUATION MATRIX (con't)
 
, AVAILABILITY IMPACTS
 
CONSERVATION z Lc 
Mandate goyernmentr L I 
itandards for l.ighting 
in all1 new and exist- 
ing commercial build­
ings. 
(50-30-10 foot andles
std.) 
+H +M +H +H +H +L -L +L +L +H .65 Quads. or 50% savings. 
Requires government action. 
Make wide use of 
Shade trees. 
-H +M -L -L +L +H +M +L +M -H Not effective in the near term 
unless trees are existing. 
Eliminate gas pilot +M +L +11 M +M + :" +M +H +L Approximately 8% of total resid­
lights on ranges-,furnaces and water 
heaters 
ential natural gas is used bypilot lights vhen the burners are 
off. Replacement w/reliable and 
Develop integrated 
utiltysystems. 
+M =M -L 
• 
-L -L -H -L +L +M -L 
inexpensive lighter. The savings 
equal 116 x Io1U'BTU/day. 
Idealized utility system generates 
electricpower and use recovered 
hegt for other fuctions such as 
space heating and cooling, waterprocessing and storage drying. 
Waste could be used as a supple­
mentary energy source. All util­ized in o0% of commercial and 
residential buildings by 1985 at 
a 40% savings/buildig. Total 
savings eua116 x 1 U0/ BTU/da. 
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G.1.2. LIST OF CONSERVATION ACTIONS
 
One major consideration of the residential/commercial task group was
 
the identification of conservation actions related to the sector. As
 
related previously, a large number of these actions were qualitatively
 
assessed as to ease of implementation, potential savings, requirements,

impacts, etc. inorder to initially determine those few that merit further
 
consideration. Although the list is long, it is not inclusive., It does
 
serve as an overview of possible actions within the sector. Many of these
 
actions are taken from the booklet "Energy Conservation Design Guidelines
 
for Office Buildings" JGSA-74] and "National Petroleum Council Report on
 
Energy Conservation". [NPC-74]
 
Individual Conservation Actions Related to Residential/Commercial
 
Sector
 
Use deciduous trees for their summer sun shading effects and
 
wind break for buildings up to three stories.
 
Use conifer trees for summer and winter sun shading and wind
 
breaks.
 
Cover exterior walls and/or roof with earth and planting to
 
reduce heat transmission and solar gain.
 
Shade walls and paved areas adjacent to building to reduce
 
indoor/outdoor temperature differential.
 
Reduce paved areas and use grass or other vegetation to reduce
 
outdoor temperhture build-up.
 
Use ponds, water fountains, to reduce ambient outdoor air
 
temperature around building.
 
Collect rain water for use in building.
 
Locate building on site to induce air flow effects for natural
 
ventilation and cooling.
 
Orient buildings to minimize wind effects on exterior surfaces.
 
Select site with high air quality to enhance natural ventilation.
 
Select a site that has topographical features and adjacent
 
structures that provide desirable shading.
 
Select a site that allows optimum orientation and configuration
 
to minimize yearly energy consumption.
 
Select site to reduce specular heat reflections from water.
 
Utilize sloping site to partially bury building or use earth
 
berms to reduce heat transmission and solar radiation.
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Use minimum ratio of window area to wall area.
 
Use double glazing.
 
Use triple glazing.
 
Use double reflective glazing.
 
Manipulate east and west walls so that windows face south.
 
Use window frames that form a thermal bridge.
 
Allow direct sun on windows November through March.
 
Use operable thermal shutters which decrease the composite "U"
 
value to 0.1.
 
Use storm sash or high efficiency glass.
 
Shade windows from direct sun April through October.
 
Consider the use of the insulation type which can be most
 
efficiently applied to optimize the thermal resistance of
 
the wallbor roof; for bxample,'soe typet of insulation'are
 
difficult to install without voids or shrinkage.
 
Protect insulation from moisture originating outdoors, since
 
volume decreases when wet.
 
Use insulation with low water absorption and one Which dries
 
but quickly and regains its original thermal performance after
 
b6ing wet. 
Where sloping roofs are used, face them to the south for
 
greatest heat gain benefit in the wintertime.
 
Use permanently sealed windows to reduce infiltration in
 
climatilbzohes where this 'is a arge .ehergy user:
 
Where codes or regulations require operable windows and infiltra­
tion is undesirable, use windbws that'closb against a sealing
 
gasket.
 
Group -kervice rooms as a buffer and locate at the north wall
 
to reduce heat loss or the sou'th wall"to reducd heat gain,
 
whichever is the greatest yeatl energy user.
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Use corridors as heat transfer buffers and locate against
 
external walls.
 
Locate rooms with high process heat gain (computer rooms)
 
against outside surfaces that have the highest exposure loss.
 
Use landscaped open planning which allows excess heat from
 
interior spaces to transfer to perimeter spaces which have a
 
heat loss.
 
Group rooms in such a manner that the same ventilating air can
 
be used more than once, by operating in cascade th 6ugh spaces
 
in decreasing order of priority, i.e., office-corridor-toilet.
 
In climate zones where outdoor air conditions are close to
 
desired indoor conditions for a major portion of the year,
 
consider the following:
 
Adjust building orientation and configuration to take
 
advantage of prevailing winds.
 
Use operable windows to control ingress and egress of air
 
through the building.
 
Adjust the configuration of the building to allow natural
 
cross ventilation through occupied spaces.
 
Utilize stack effect in vertical shafts, stairwells, etc.,
 
to promote natural air flow through the building.
 
Reduce ceiling heights to reduce the exposed surface area and
 
the enclosed volume.
 
Increase the density of occupants (less gross floor area per
 
person) to reduce the overall size of the building and yearly
 
energy consumption per capita.
 
Spaces for similar functions located adjacent to each other on
 
the same floor reduce the use of elevators.
 
Increase window size but do not exceed the point where yearly
 
energy consumption, due to heat gains and losses, exceeds the
 
saving made by usingnatural light.'
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Where steamis available, use turbine drive for large items
 
of equipment.
 
Use heat pumps in place of electric resistance heating.
 
Match motor sizes to equipment shaft power requirements and
 
select to operate at the most efficient point.
 
Maintain power factor as close to unity as possible.
 
Reduce length of cable runs.
 
Increase conductor size within limits indicated by life
 
cycle costing.
 
Use high voltage distribution within the building.
 
Match characteristics of electric motors to the characteristics
 
of the driven machine.
 
Design and select machinery to start in an unloaded condition
 
to reduce starting torque requirements. (For example, start
 
pumps against closed valves.)
 
Use direct drive whenever possible to eliminate drive train
 
losses.
 
Use high efficiency transformers (these are good candidates for
 
life cycle costing).
 
Use liquid-cooled transformers and captive waste heat for
 
beneficial use in other systems.
 
In canteen kitchens, use gas for cooking rather than electricity.
 
Use conventional ovens rather than self-cleaning type.
 
Utilize a sloping site to accommodate entrances on multi-levels
 
to reduce elevator mileage.
 
Use elevators rather than escalators for vertical travel.
 
For high traffic densities through,one or two floors, use stair­
cases or ramps rather than escalators.
 
Use solid state controls for elevators.
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Reduce the humber of elevators installed by scheduling their
 
use for essential purposes only (for example, stops at every
 
other floor would eliminate single floor trips and enforce
 
use of staircases).
 
Install on-site waste heat recovery incinerators for disposal

of solid wastes. The waste heat can be used for space heating,
 
ventilation; water absorption, refrigeration or other thermal
 
uses.
 
Separate and salvage usable materials which have a commercial
 
value. Re-cycling many materials consumes less raw source
 
energy than producing virgin materials and could have economic
 
benefits as well.
 
Inareas requiring it,conside the use of solid waste for
 
composting.
 
Use outdoor air for sensible cooling whenever conditions permit

and when re-captured heat cannot be stored.
 
Use adiabatic saturation to reduce temperature of hot, dry
 
air to extend the period of time when "free cooling" can be
 
used.
 
Inthe summer when the outdoor air temperature at night is
 
lower than indoor temperature, use full outdoor air ventilation
 
to remove excess heat and pre-cool structure.
 
In principle, select the air handling system which operates at
 
the lowest possible air velocity and static pressure.
 
Design air handling systems to circulate sufficient air to
 
enable cooling loads to be met by a 60'F air supply temperature
 
and heating loads to be met by a 900F air temperature.
 
Design HVAC systems so that the maximum possible proportion of
 
heat gain to a space can be treated as an equipment load, not
 
as a room load.
 
Schedule air delivery so that exhaust from primary spaces (offices)
 
can be used to heat or cool secondary spaces (corridors).
 
Design duct systems for low pressure loss.
 
Use high efficiency fans.
 
Use low pressure loss filters concomitant with contaminant
 
removeable.
 
Use one common air coil for both heating and cooling.
 
Reduce or eliminate air leakage from duct work.
 
Limit the use of re-heat to a maximum of 10% gross floor
 
area and then only consider its use for areas that have atypical
 
fluctuating internal loads such as conference rooms.
 
Design chilled water systems to operate with as high a supply
 
temperature as possible -- suggested goal -- 50. (this allows
 
higher suction temperatures at the chiller with increased
 
operating efficiency).
 
Use modula pumps to give varying flows that can match varying
 
loads.
 
Exhaust air from center zone through the lighting fixtures and
 
use this warmed exhaust air to heat perimeter zones.
 
Design HVAC systems so that they do not heat and cool air
 
simultaneously.
 
Select high efficiency pumps that match load. Do not oversize.
 
Design piping systems for low pressure loss and select routes
 
and locate equipment to dive shortest pipe runs.
 
Adopt as large a temperature differential as possible for
 
chilled water systems and hot water heating systems.
 
Consider operating chillers in series to increase efficiency.
 
Extract waste heat from boiler flue gas by extending surface
 
coils or heat pipes.
 
Select boilers that operate at the lowestpracticable supply
 
temperature while avoiding condensation within the furnaces.
 
Use unitary water/air heat pumps that transport heat energy
 
from zone to zone via a common hydronic loop.
 
Use thermal storage in combination with unit heat pumps and a
 
hydrohic loop so that excess heat during the day can be
 
captured and stored for Use at night.
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Use heat pumps both water/air and air/air if a continuing
 
source of low-grade heat exists near the building, such as
 
lake, river, etc.
 
Provide all outside air:dampers with accurate position indica­
tors and insure dampers are airtight when closed.
 
Use spot heating and/or cooling in spaces having large volume
 
and low occupancy,
 
Use electric ignition in Wlace of'gas pilots for gas burners.
 
Use a total energy system if the life cycle costs are favorable.
 
Turn off pilots -ingas furnaces1
 
Use chilled water storage systems to allbw chillers to operate
 
at night when condensing temperatures ar 'lowest.
 
Locate cooling towers or evaporative coolers so that induced
 
air movement can be used to provide or supplement garage exhaust
 
ventilation.
 
Use modular boilers for heating and select units so that each
 
modui& operates at optimum efficiency.
 
Use solar energy Via a system of collectors for heating in
 
winter and absorption cooling in summer.
 
Minimize requirements for snow melting to those that are
 
absolutely necessary and, where possible-, utilize Waste heat
 
for this service.
 
Reduce hot water generating and storage-temperature to the
 
minimum required for hand washing (to 1200).
 
Avoid-the use of straight'electric heating for hot water,
 
consider instead using a heat pump.
 
For hot water piping and storage tanks, if used, increase the
 
amount of insulation or select one with better "R"value.
 
When storage tanks are used, locate them as close to the point

of usage as possible.
 
Provide control to automatically shut off recirculating pumps

during weekends, nights and periods of the day which are well­
defined, when hot water usage is light.
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To. reduce the quantity of hot and cold water used:
 
Select kitchen equipment such as dishwashers that have
 
minimum water requirements.
 
Use a single system to meet handwashing needs intoilets.
 
Use spray type faucets with flow restri'ctors.
 
Use self-closing valves to control faucets.
 
,Use well water, if available.
 
Use waterless or low volume flush water closets.
 
Where fresh water is in short supply,, consider the use of
 
solar stills.
 
Select a water treatment system for cooling towers that
 
allow high cycles of concentration (suggested target greater
 
than 10:7) and reduces blowdown quantity.
 
Schedule boiler blowdown on air "as needed" basis rather
 
than a fixed timetable.
 
Re-cycle waste water for toilet fl'ushing.
 
Use restricted flow shower head (2.5 gal/min. maximum flow).
 
Boost hot water temperature locally for kitchensi-etc4, rather
 
than providehigher temperatures for the entire building.
 
If boilers are used as ,primary heat source for domestic hot
 
water, install a boiler to match the load rather than use an
 
oversized heating boiler all summer. (Careful selection of
 
modular heating boiler sizes could achieve, the same end.)
 
Use gravity circulation for domestic hot water rather than pumps. 
Arrange circulating pipework to minimize length of dead legs 
connecting to faucets (this saves water as well as energy.as 
it eliminates the need to draw off quantities of cold water 
before hot water can be obtained.) ­
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Meeting hot water heating needs from the following sources:
 
Waste heat from incinerators.
 
Rejected heat of compression from refrigeration units
 
(both air conditioning and kitchen freezers and cold rooms).
 
Hot condensate returh from steam operated systems.
 
Rejected heat from diesel or gas engines.
 
Waste heat from drains used in conjunction with heat pumps.
 
Waste heat from transformers.
 
Consider the use of solar heaters using flat plate collectors
 
with heat pump boosters for winter.
 
Heat building to-no more than 60'F when unoccupied.
 
Cool building to no less than 78°F when occupied.
 
Do not cool building when it is unoccupied.
 
Schedule morning start up inwinter so that the building is
 
at 63°F when occupants arrive and warms up to 68°F over the
 
first hour.
 
Limit pre-cooling start-up inmorning to give building
 
temperature of 5°F less than outdoor temperature or 80'F,
 
whichever is highest.
 
Close outdoor air dampers for the first hour of occupancy
 
whenever outdoor air has to be either heated or cooled.
 
Close outdoor air dampers for the last hour of occupation
 
whenever outdoor air has to be either heated or cooled.
 
Turn off heating or cooling 3D minutes before the end of
 
the occupied period.
 
Close outdoor air dampers for 10 minutes in every hour (adjust

time period according to experience).
 
Allow humidity to vary naturally in the building between 20%
 
RH and 65t RH. Only add or remove moisture when building
 
conditions exceed those limits.
 
-- 
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G.l.3. EXAMPLES OF-FEDERAL AND STATE LEGISLATION PERTAINING TO ENERGY
 
CONSERVATION IN THE RESIDENTIAL AND COMMERCIAL SECTOR
 
FederalBills
 
H.R. 3849 Housing -- low interest loan program insulation and heating
 
equipment
 
To extablish in the department of Housing and Urban Development a
 
direct low Interest loan program to assist home owners and builders in
 
purchasing and installing solar heating (or combined solar heating and
 
cooling) equipment.
 
S 349 Energy Labeling and Disclosure Act
 
To contribute to an alleviation of the energy crisis by providing
 
American consumers with information on the energy characteristics and
 
the financial cost associated with the use of major household products
 
and automobiles.
 
S 1149 To provide for a national fuels and energy conservation policy, to
 
estaish a national energy conservation program. Title VI -- "Energy
 
efficient lighting, appliance and space heat systems" affects the residential
 
and commercial sector.
 
H.R. 7014 Energy Conservation and Oil Policy Act of 1975. Title V
 
Part BEhiergy Labeling and Efficiency Standards for Consumer Products
 
Other than Automobiles is concerned with energy conservation in the
 
residential and commercial sector.
 
S'1392 Energy -- Conservation -- demonstration program.
 
To establish a demonstration'program in-energy conservation using
 
promising innovative technology tZ the maximum extent-possible,,through
 
retrofitting existing buildings with energy conservation equipment and
 
systems.
 
State Legislation
 
Montana - H '663 Encourages investment innonfossil forms of
 
energy generation and in.energy conservation
 
in buildings through tax incentives and capital
 
availability.
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New Mexico - H 395 	 Provides that a feasibility study of the energy
 
source for heating and ai conditioning must be
 
made before any contract isexecuted for the
 
construction or major alteration of a state
 
building.
 
North Carolina - SR 149 	 Conservation of energy through the North Carolina
 
Building Code.
 
Oregon - S 283 	 To provide maximum energy conservation in design, 
construction and repair of buildings. 
Texas - S 516 	 Relates to energy conservation in certain 
buildings. 
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G.2. REDUCING CONSUMPTION AND INCREASING EFFICIENCY OF BUILDINGS
 
This section includes a description of the approach taken by the effi­
ciency sub-task group and an assessment of two conservation actions.
 
G.2.1. DEFINITION AND'DESCRIPTION
 
Efficiency isconceived as achieving a reduction in input without reduc­
ing result (output). In terms of energy, improved efficiency may be simply a
 
furnace that maintains the desired temperature while using less fuel. On a
 
larger scale, a building.may be more efficient as the result of one or more
 
actions; the result of which is less use of energy at no change in the envir­
onment of the building. In the same manner, more efficient communities may
 
be developed.
 
The building industry influences, by its decisions, nearly one-third of
 
the energy used. If building process and function decisions are made with
 
the added concern for conservation of energy, considerable savings should
 
be possible.
 
Energy use inbuildings is essentially a factor of physical design,
 
construction practices, and occupant needs and practices. Ifwe consider
 
that buildings provide controlled environments for people to live in
 
latitudes which are too hot, too cold, too bright, or too dark, then an
 
obvious use of energy in buildinqs is in maintaining a livable environment.
 
Building design, including the climate modification systems, can respond
 
with more efficient homes, shops, and offices. In the same vein, the
 
practices and standards of construction and what are identified as user
 
needs require close examination. We should look at the ability, the
 
opportunity, and the responsibility of the planner, developer, banker,
 
designer, builder, and user to bring about energy conservation in buildings
 
and communities. Current practices based on excessive standards, cheap
 
materials, insufficient supervision, and a low first cost syndrome must
 
be examined with the intention of erecting and operating a more energy
 
efficient building.
 
G.2.2. DISCUSSION OF THE APPROACH (FIGURE G.2.2-1)
 
The requirements for developing means of conservation by increasing
 
efficiency in the residential/commercial sector include the need:
 
To identify conservation actions
 
To assess the potential energy conservation of the actions
 
To identify any barriers to implementation of the actions
 
G-21 
IDENTIFY MEANS FOR
 
CONSERVATION BY 

INCREASING EFFICIENCY 

FIGURE G.2.2-1 

IDENTIFY CONSERVATION ACTIONS
 
ASSESS POTENTIAL ENERGY
 
CONSERVATION OF ACTIONS
 
IDENTIFY BARRIERS TO

IMPLEMENTATION
 
....
i 
IDENTIFY INCENTIVES- FOR
 
IMPLEMENTATION
 
ASSESS IMPACTS
 
SCHEMATIC OF "INCREASED EFFICIENCY'
 
SUB-TASK GROUP SYSTEMS APPROACH
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To identify incentives to implementation of the actions
 
To assess the impacts of the actions
 
Ineach of these requirements, it is necessary to identify:
 
Methods or mechanisms of acquisition which give us the material
 
to be examined.
 
Constraints and criteria, the sieve which separates the relevant
 
material out of that collected.
 
A display technique by which that final relevant material can be
 
communicated.
 
Each of the requirements is discussed in detail below.
 
Identify Conservation Actions.
 
To identify conservation actions involves knowing two
 
things.
 
How the energy is used in a building.
 
What are the determinants to its use.
 
Knowing that energy isused for space heating, cooling, water heating,

lighting and equipment heating, suggests areas for investigation. Ifthere
 
are other end uses, they need to be known. In the same manner, knowing the
 
mode of use, the standards, the capabilities of materials and the environz
 
mental circumstances and analyzing the two knowns together suggests alter­
natives which become potential actions if they satisfy the controls that are
 
applicable. Two basic controls exist:
 
Technical feasibility
 
Social acceptability
 
Any idea must be feasible technologically as it relates to conservation and
 
not violate the established institutional constraints.
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Assess Potential Of Conservation Actions
 
Assessment of the potential energy conservation of the actions is
 
dependent on:
 
Establishing the potential energy savings
 
Observing the resource requirements
 
Observing the time for implementation
 
At best these will include some intelligent guesses for the most part.
 
Comparisons, computations and example measurements indicate trends and poss­
ibilities. Controls in this instance are in addition to the previous ones:
 
Availability of resources required
 
Base of reference
 
Obviously any assessment must be in'relation to a base (time or somethin else),
 
and available supplies of money, manpower or materials must be considere
 
Barriers And Incentives To Implementation
 
Barriers and incentives appear in relation to each action as the process
 
of implementation interfaces with social and technological controls. Some
 
actions may be incentives.
 
Assessinq Impacts
 
A study of impacts requires knowing:
 
Where and what are impacts?
 
What 	is the effect of an impact?
 
Is the impact acceptable?
 
The fact that actions impact on people, resources, institutions, and other
 
actions suggests a complex analysis if the interface is anything but a
 
simple relationship.
 
G.2.3. 	 POTENTIALS FOR CONSERVATION
 
The American Institute of Architects [AIA-74] have identified thirteen
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categories under the heading of physical design which influence the energy
 
use of a building. While recognizing many of these same determinants, Richard
 
G. Stein [AF-73] points out more explicitly the need to re-examine build­
ing standards and codes and the opportunities for energy costing of materials
 
and construction processes. The implementation of life cycle budgeting by
 
the General Services Administration recognizes the total use of energy and
 
encourages its wise use.
 
In the studies of potential energy conservation in the residential/
 
commercial sector, both the National Petroleum Council [NPC-74-1] and Pro­
ject Independence [PI-74-5] emphasize actions that are inresponse to weak­
nesses in existing buildings. This is a very obvious need. Even so, a wide
 
saturation of the available market is not expected. These weaknesses are
 
important areas of concentration because they represent major quantities of
 
energy consumption to be reduced with moderate or no investment of money.
 
When the reports apply the same actions to new construction, the implica­
tion is that only a few areas are subject to relevant actions in both in­
stances. There is a considerable difference between retrofitting a building
 
inwhich all the determinants of energy use are set, and designing a new
 
building in a manner both sensitive and responsive to-the conditions which
 
will determine its energy use.
 
Both reports fall short in identifying actions as they relate to energy
 
conservation in buildings. The limitations of "immediate results" ismost
 
likely the cause. Inthe short term, and as they concern existing buildings,
 
the actions are well chosen.
 
Buildings are unique in their location and relationship to the environ­
ment. The circumstance of climate and solar conditions vary at macro and
 
micro scales. Failure to analyze this relationship can be costly. Buildings
 
are unique in the way they are used. The number of occupants, the kinds of
 
activities, the time of use, the facilities provided, the equipment installed
 
and the conditions of comfort are different in one or more combinations which
 
belie a universal calculation or standard for all.
 
Itwould be well to consider a building as a system consisting of sub­
systems and components, each with specific functions, and yet an integral
 
part of the system when identifying actions. The representative list of
 
activities included in this appendix, drawn mainly from General Services
 
Administration [GSA-74], illustrates the possible range of opportunities
 
for actions.
 
A more detailed discussion of energy use in buildings will examine
 
physical design as one determinant, construction practices and standards
 
as another and the users needs and operations of buildings as a'third de­
terminant of energy use.
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G.2.3-1 PHYSICAL DESIGN
 
Under physical design are the elements-discussed below.
 
Site Analysis
 
Relate buildings to the peculiar site conditions of topography,
 
climate, shape, orientations, soil, vegetation and adjacent elements to
 
the extent that.their potential for energy conservation be recognized and
 
used. The length and nature of seasons, temperatures, percipitation amounts
 
and occasions, the sun's intensity, direction, the breadth of its swing and
 
the duration of its exposure, the velocity and direction of prevailing winds,
 
the hills and valleys, trees and water are all elements that may have an
 
influence on energy consumption inbuildings.
 
Building Orientation
 
With regard to sun path and intensity, prevailing wind, and orientation
 
of the building, its windows and its doors will determine the solar gain
 
and the infiltration for a specific building in a given time and place.
 
Configuration
 
Thermal transmission is a function of surface area. Physical forms
 
that offer a high volume of usable space per square foot of surface are
 
energy efficient. The effect of shapes of buildings singly and in concert
 
on air flow is seen in the infiltrationlevel also.
 
Envelope
 
The envelope includes the building skin and as such has a capability
 
for thermal transmission and storage. Indigenous architecture of the south­
west or near east responds to climate effectively with walls that store and
 
transmit available heat usefully. Building skin density is the key factor.
 
Materials in various combinations determine the heat flow rate.
 
Ifmaterials used are selected on the basis of conservation, they must
 
be examined for energy use from source of raw material to in place and
 
operation.
 
Glass is the single most ineffective barrier to thermal transmission
 
in a building. Glass is the material of windows and the means of getting
 
natural light into buildings. The size and placement of glass is critical
 
as is the type used. There is tinted glass, coated glass, heat absorbing
 
glass and multi-paned glass, all of which are useful in controlling heat
 
transmission and natural light.
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Another item useful for residential sash is the storm window.
 
Where windows occur exposed to sun, various exterior or interior shading

devices will control solar gain. Thermal barriers will prevent much
 
unwanted transmission of heat.
 
Weather stripping of doors and windows helps to eliminate undesirable
 
infiltration through the cracks of joints, and window sash which bridge
 
through the wall should be of material low in conductivity.
 
Insulation is a principal means of affecting energy flow through the
 
skin of buildings. The choice of materials, the location and amount, and
 
the quality of application are concerns to be studied.
 
In the light of experience, we know that caulking of cracks in frames
 
and joints will reduce the amount of infiltration.
 
Space Planning
 
Room size and configuration must be determined by its use to avoid
 
over-sizing and over-building. Size of spaces may anticipate a variety of
 
arrangements by becoming one space. The result is to simplify the air
 
distribution and lighting problem. Zoning of activities allows more
 
efficient climate control also.
 
Space Heating
 
Fuel consumption for heating is the largest energy user in the resident­
ial and commercial sector. The amount of heat that must be provided is a
 
function of several factors including:
 
Thermal transmission through the building skin
 
Wind velocity
 
Air infiltration
 
Ventilation
 
Occupancy
 
Lighting and machinery
 
The building and its heating unit can be designed for high efficiency
 
if all of these factors are taken into account.. The heating efficiency
 
of the building itself can be increased by increasing the amount of insula­
tion, reducing infiltration by caulking, and by situating the house to take
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maximum advantage of solar heat gain. .Additional savings may be realized by

increasing the efficiency of the heating unit. Typical gas and oil furnaces
 
have efficiencies (first law) of 70% and 60% respectively for the transfer
 
of chemical energy in the fuel to heat energy in the heat transfer medium
 
(water, steam or air). The heat distribution system accounts for additional
 
losses with a large portion of the heat added transferred sideways through

uninsulated ducts or pipes. Only a portion of the energy leaking out helps
 
to heat the building, with the remainder delivered to unused areas, to
 
spaces between the wall stqds, and ultimately to the outside. Insulation
 
of the ducts is a conservation action which should be investigated. Regular

maintenance performed on the furnace will also increase its efficiency as will
 
cleaning of filters to reduce functional losses in the distribution system.
 
Electricity can also be used as a heating source. There are three
 
principal methods of using electricity for heating.
 
Central resistive coil that heats a heat transfer fluid
 
Resistive baseboard or floor heating throughout the house
 
An electric heat pump
 
The first of these methods has the losses associated with electricity

generation as well as duct distribution losses, yet it is frequently used.
 
The second method offers convenience, simplified zone control and low
 
initial cost, but still has the losses associated with power generation.

The third electrical sources uses electrical energy more efficiently than
 
pure resistive heating and may use ground water or be soTar assisted. This
 
third method of electrical heating isbeing recommended more and more now
 
that heat pump reliability has been proven.
 
Yet another option must be considered when thinking interms of
 
increasing the efficiency of heating a building. Space heating requires low
 
grade energy and therefore may be accomplished with waste heat if available.
 
Even if waste heat isof too low a grade to be used directly for heating, it
 
may be used as the low temperature source for a heat pump cycle and thereby
 
increase the performance of such a system considerably.
 
Cooling
 
Air conditioning accounts for less than 3% of the total national energy

,consumption, but isa much higher portion during the summer months. It is
 
the major reason for the shift in the peak electricity consumption from
 
Winter to Summer. The amount of heat which must be removed from a building,
 
the cooling load, depends on several factors as does the heating load. Some
 
of these factors are:
 
Heat gain through walls and roof
 
Solar gain through windows
 
Air infiltration
 
Outside and inside humidity
 
Ventilation,
 
Internal heat load due to:
 
Machinery
 
Liahts
 
People
 
The cooling efficiency of the building itself can be increased by designing
 
its fenestration and situating it such that solar heat gain through the
 
windows is minimized. Air infiltration and ventilation can also be reduced
 
to increase the efficiency of the building -- cooling system combination.
 
The design of the cooling system can result inmore efficient operation by:
 
Designing for 5 percent outdoor air conditions rather than
 
2.5 percent.
 
Using an economizer cycle which senses the outside air enthalpy
 
and inducts fresh air when it is advantageous to do so.
 
Using higher efficiency equipment.
 
Using the rejected energy for reheat or space heating of some
 
other part of the building.
 
One area where new technology might make a contribution to increased
 
efficiency is in the design of the heat exchangers for lower temperature
 
gradients at the condenser and evaporator. Cooling storage systems can
 
result in higher efficiency and energy savings by allowing a unit that is
 
smaller than that necessary to provide peak load cooling to provide off peak
 
cooling around the clock. Peak cooling is provided by the storage unit
 
which has been "charged" during off peak hours.
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Lighting 
Lighting consumes 20 percent of U.S. electric energy; thus, lighting
 
uses 5 percent of all U.S. energy. Two-thirds of the lighting energy is
 
used by incandescent lamps and one-third by fluorescent and vapor lamps.
 
Fluorescent and vapor lights produce approximately four times as much use­
ful light per unit energy input as incandescent lamps and supply about two­
thirds of the useful light. This suggests that a large lighting energy 
savings could be realized by increasing the efficiency of our lighting systems ­
switching from incandescent to fluorescent lamps. The largest commercial 
savings of lighting energy would be to use the available light more efficiently 
by supplying bright light only where it is needed rather than uniformly illumi­
nating an entire floor. As the position, angle and distance of a light source 
in relation to a task area also affects lighting efficiency, these factors 
should be considered when designing or-redesigning a system. The overall 
lighting efficiency of the building should also be considered, i.e. balancing 
the use of natural light against increased heat transmission or infiltration 
losses and designing spaces in a building such that similar task areas are 
grouped or stacked to maximize the efficiency of the lighting and wiring 
system. 
Ventilation
 
Ventilation is the controlled induction of fresh air into a building

for the purpose of providing healthful air quality - replacement of.stale
 
air, dilution of odors and impurities. It has a direct effect on energy
 
consumption because the air inducted has to be cleaned, humidified or
 
dehumidified, heated or cooled, and moved, all of which require expenditure

of energy. Ventilation can be accomplished naturally, mechanically or through
 
a combination of the two. Natural ventilation requires the expenditure of
 
no energy to accomplish it,but may lead to increased heating or cooling
 
loads. It requires operable windows, but is most energy efficient
 
where it is applicable. In areas where air temperatures and changes in air
 
quality are not extreme, natural ventilation can be used to advantage and
 
the building should be situated and designed to maximize its utility.
 
Mechanical ventilation is required where natural ventilation is
 
insufficient or undesireable. In commercial buildings ventilation is
 
designed according to empirical rules which were established many years ago
 
when energy was cheap. Recent studies indicate-that in many cases the
 
ventilation specified far exceeds that actually required. The efficiency
 
of a given ventilation system could be increased by:
 
Determining air quality, including moisture content and level of
 
impurities and adjusting the fresh air induction accordingly.
 
Avoiding over-sizing the system by considering the infiltration
 
rate in the analysis preceeding installation.
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Grouping or stacking areas in need of high level ventilation
 
away from those that don't.
 
Using filters to rehabilitate air quality.
 
Establishing ventilation zones within a building to avoid
 
ventilating areas with low occupancy.
 
Restricting smoking to designated high ventilation areas away
 
from the heavily populated areas.
 
Movement Systems
 
Elevators, escalators, and walking are the principal.means of movement
 
in building. The arrangements and elimination will make a difference in
 
energy use.
 
Electric Power
 
Building transformers and distribution systems ate subjects of inves­
tigations as are load shedding devices, power storing systems, and motor
 
power factors. On-site electrical generation for a building which reuses
 
its own waste heat can sometimes save energy. The feasibility of such a
 
system which isalso generating heating and cooling and hot water for the
 
building depends on a continuous, simultaneous and balanced demand of
 
heating/cooling-and electrical energy.
 
A further development of the total energy concept is an integrated
 
utility system inwhich all the utilities are combined into a single function.
 
The system providesybesides electric power and heatihg/cooling, water and
 
waste collection in the operation, thereby achieving a more complete
 
utilization of energy and materials than in the separate functions. The
 
same limitations of continuous, simultaneous and balanced demands are
 
essential to success.
 
Domestic Hot Water
 
In residences and hospitals, hot water is a significant energy user.
 
Pumping and processing water are the means of energy use; therefore,
 
.reducing use and lowering temperatures of water will reduce energy.
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Waste Management
 
Liquid Waste - energy-savings can accrue from such, processes as using
 
waste heat from nearoy power plants for liquid waste treatment. The
 
sludge from liquid waste treatment can be dried and used as fuel to generate
 
electricity. Treated effluent can be used to provide cooling water for
 
power plants, and recovered'heat from refuse incinerators can be used for
 
central heating and cooling systems, or for generating electricity. The
 
recovered heat from hot water drains in apartments and hospitals can be
 
used to preheat domestic hot water systems.....
 
Using tank-type water closets or vacuum flush systems, instead of flush­
valve .models, can reduce the flow of water and, therefore, the energy required
 
to pump it. The standard five-gallon flush should also be re-examined.
 
"Sovent" plumbing systems, or other similar innovations, eliminate separate
 
aeration pipes for toilets. All such options should be studied as they
 
apply or do not apply to a specific building project.
 
Solid Waste - reclamation of solid waste, depending on volume and kind,
 
became a viable conservation measure when organized for one building or a
 
group of buildings.
 
The amounts of solid waste generated within a building vary greatly,
 
-depending on the building's use and number of occupants. Common estimates
 
are that an office building generates one or two pounds of solid waste
 
per person per day; a residence generates five or six pounds per.person
 
per day; a hospital, up to 20,pounds. Half of solid waste, on the average,
 
is paper and cardboard. This, along with plastics, wood, ferrous metal,
 
alumihum, glass, tar, naphtha, textiles, oil, ash, and foodstuffs, may be
 
recycled.
 
Treatment, or waste disposal, includes several options. Pyrolysis units
 
can produce gaseous fuel from waste matter by heating it to high tempera­
tures in the absence of oxygen. The waste may-be incinerated at the building
 
or elsewhere, and the recovered heat used for hot water or HVAC systems,
 
or as steam to generate electricity. (Incinerators with heat recovery
 
systems that meet government standards for emission are available.) The
 
wastes themselves may be recycled, or they may be compacted to minimize
 
their volume for transportation, storage, or landfill. Shredding devices
 
can aid recycling processes or prepare the organic wastes for disposal
 
through the liquid waste or sewage treatment facilities. The organic
 
wastes may be used to producemethanegas or processed before entering the
 
liquid waste system.
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G.2.3.2 CONSTRUCTION PRACTICES
 
Much construction is governed by established conventions, codes, and
 
labor and management practices. Existing codes often discourage innovative
 
systems and new materials which may be energy conserving. Excessive forms
 
for concrete and poor project planning are additional discouragements.
 
On the other hand, a fresh look at materials handling techniques, standards
 
of construction, and labor and materials codes can encourage conservation.
 
Too, a judicious use of factory-built components can go far to eliminate
 
waste and control quality, thereby making construction more energy efficient.
 
Further savings may come from specification by performance, which encourages
 
coordinated systems development.
 
G.2.3.3 OCCUPANT NEEDS AND PRACTICES
 
Needs are those requirements essential to a physically and mentally
 
healthful life. Practices relate to the manner of use. Cultural differences
 
which encourage different uses are an instance of the latter, while food,
 
shelter and warmth are instances of need. Comfort standards and design
 
temperatures are subject to arbitrary choice. Lighting requirements are
 
set with inadequate physiological study, and adaptability of spaces and
 
facilities is disregarded. Switching of lights is a case in point.
 
Arrangements of switches to encourage a variety of lighting possibilities
 
as determined by users will save enprgy. Users response to operable win­
dows, and fireplace dampers directly affect energy use. User's selection
 
and operation of appliances can be guided by knowledge of energy cost and
 
maintenance procedures.
 
Perhaps the most generous use of energy in this category can be con­
trolled through maintenance operations. From changing filters in the
 
individual' residence to reducing the night time lighting load inmulti­
story office buildings, there are a multitude of opportunities. One of
 
the first requirements isto establish a schedule for maintenance. Another
 
is to examine each operation for its conservation potential. Though many
 
actions will appear to be in the nature of curtailing demand rather than
 
increasing efficiency, the result isa more efficient building.
 
G.2.3.4 ASSESSMENTS
 
Thereare many variables which influence the effect Of specific actions
 
and their choice. Such actions are not always as appropriate for residential
 
construction as for commercial construction, and vice-versa because of diff­
erent functions Likewise, the response to specific actions by existing

buildings and new construction is different. Then too, the quality of con­
struction is not always consistent with designed capability. Nevertheless,
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analysis of each building will identify opportunities for conservation to be
 
pursued. Other requirements for all but a very few actions are money, man­
power and materials. The principal barriers to achievement are the cost and
 
the lack of understanding. Implementation requires education of consumers,
 
builders, designers, developers, bankers and investors. It also needs fin­
ancial incentives for many activities-. Specific actions under the general
 
actions of reducing consumption and increasing efficiency of buildings and
 
systems for heating,. ventilating and air conditioning fall'into three groups:
 
Those that are operational innature.
 
Those relating to physical improvement of buildings.
 
Those that require major changes in'HVAC.
 
The specific actions of the operations group impact on the consumer who
 
must adjust to environmental changes. In addition, they impact at the market
 
where money not used for energy is spent in other ways. Even though the con­
sumer may be attracted by the savings that are due him, agencies can effect
 
a greater participation through government educational programs, research, and
 
measures which assure the energy saving is reflected in energy cost.
 
The physicalimprovement of buildings impinges on the ability of
 
the manufacturer and supplier to meet a demand possibly five to six times
 
larger than at present, and on, the consequent need for money by consumers
 
and manufacturers. There may be additional demands for-labor. There may
 
be demands for energy. (Glass is energy intensive.) Normal payback would
 
be ten years for insulating, glazing and caulking an average 1500 square
 
foot house. This assumes the quality of installation isequal to design.
 
expectations which isnot always the case. There are indications that
 
double glazing,is not as effective as projected to be inreducing thermal
 
transmission, according to J.M. Fox [PU-73]. These specifications are
 
more apt to be effected in new conttruction than in existing buildings,
 
though some existing residential structures are adaptable and need them.
 
Building standards and Codes are the most effective way of implementation,
 
and governmental .action may be required.
 
The third group of specific-actions is concerned with major changes
 
in systems of heating, ventilating and air conditioning, ,and as such, are
 
the least acceptable activities. Positive financial-incentive is necessary.
 
Again, new construction will more readily -acceptmost changes of this kind
 
than existing buildings will. Manufacturers do not indicate any crisis in
 
meeting the demand, but consumers will need funds over and above that.
 
normally required. 
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G.2.4 HEAT PUMP ANALYSIS
 
Itwas felt that the heat pump would be a good example to investigate

indepth, because space heating represents the larqest percentage of
 
energy consumption in the residential sector (71.4% of usage in residential
 
sector, 11% of total energy consumption in the United States) and is,there­
fore, the largest target for energy savings. In addition, projections

indicate a tendency toward total electric living units, i.e., homes with
 
electric space heat and air conditioning.
 
Inorder to quantify the example itwas necessary to make several
 
assumptions. These assumptions are based on information available in
 
published reports, personal communication with people in the space con­
ditioning field and in some cases "educated speculation".
 
The assumptions underlying the analysis are as follows:
 
The potential for energy savings by the installation of
 
heat pumps is based on projections that the percentage of
 
electrically heated homes will increase from 10% in 1975
 
to 24% in 1985. Itwas assumed that of these new homes
 
40% would install heat pumps under present market conditions.
 
This would result in a potential for installing heat pumps,

rather than resistance heating, in 60% of the new electrically
 
heated home construction.
 
Heat pumps will be installed in single family rather than in
 
multifamily dwellings because of the difficulty in inducing

builders or owners of multifamily dwellings to use life cycle

costing, as they usually do not pay the building operating
 
costs, but pass them on to the residents.
 
The inventories of electrically heated homes in 1975 and 1985
 
were taken from Table G.2.4-1. [PI-74-5] The 1975 inventory
 
was taken to be half way between the values given for 1970 and
 
1980.
 
An average value of 49.2 x 106 BTU/year was used as the
 
point of use energy consumption for electric heat throughout

the country. This isa weighted average based on unit demand
 
for electric heat inthe Northeast, North Central, South and
 
West as shown inTable G.2.4-2. The weighting factor was
 
the percentage of homes in each region that are projected
 
to have central air conditioning in 1985 (see Table G.2.4-3).

Values for 1985 were obtained by linear interpolation between
 
1970-and 1990 values.
 
TABLE G.2.4-1. RESIDENTIAL INVENTORY fPr-74-51
 
(thousand year-round units) 
New New New 
1970 Construction Removals 1980 Construction Removals 1985 Construction Removals 1990 
Inventory 1970-80 1970-80 Inventory 1930-85 1980-85 Inventory 1985-90 1985-90 Inventory 
Northeast 16,198 5,354 2,357 19,195 2,770 1,288 20,677 2,540 1,371 21,846 
Mobile Heme 241 710 201 750 320 150 920 267 165 1,022 
Single-Family 7,778 2,186 391 9,573 1,137 227 10,483 1,176 249 11,410 
Low-Dersity 4,552 1,163 1,164 4,551 636 594 4,593 529 605 4,517 
Low-Rise 1,392 760 133 2,019 396 110 2,305 327 138 2,494 
High-Rise 2,235 535 468 2,302 281 207 2,376 241 214 2,403 
North Central 18,675 6,889 3,436 22,128 2,978 1,691 23,415 2,944 1,754 24,605 
Mobile Hiome 499 1,439 322 1,616 559 291 1,384 521 350 2,055 
Single-Frmily 13,261 3,440 1,696 15,005 1 500 750 15,755 1,570 788 16,537 
Low-Dertuty 2,773 1,176 739 3,210 534 36S 3,376 502 360 3,518 
Low-Rise 1,686 507 550 1,643 238 19/ 1,684 243 163 1,764 
High-Rise 456 327 129 654 147 85 716 108 93 731 
South 20,884 9,979 4,259 26,604 4,817 2,070 29,351 4,800 2,040 32,111 
Mobile I-Home 869 2,146 460 2,555 893 400 2,988 841 538 3,291 
Sir e-Ftmity 15,683 5,312 2,530 18.465 2,586 1,107 19,944 2,734 997 21,681 
Low-Demisty 2,293 1,514 641 - 3,166 756 3 to 3,582 745 337 3,990 
Low RisE 1,698 698 511 1,885 413 110 2,188 332 109 2,411 
PiGh-Rise 341 309 117 533 169 53 649 148 59 738 
West 11,942 5,352 3,132 14,162 2,656 1,459 15,359 2,269 1,284 16,344 
Mobile Pome 464 730 312 882 329 176 1,035 236 186 1,085 
Single-Femily 8,079 2,366 1,725 8,720 1,165 697 9,188 1,096 551 9,733 
Low-DeTsity 1,379 1,136 371 2,144 592 228 2,508 469 237 2,740 
Low Ris 1,757 807 624 1,940 411 291 2,060 336 241 2,155 
High-Rie 263 313 100 476 159 67 568 132 69 631 
U.S Total 67,699 27;574 13,184 82,089 13,221 6,508 88,802 12,553 6,449 94,906 
Mobile t4zme 2,073 5,025 1,205 5,803 2,101 1,077 6,827 1,865 1,239 7,453 
Single-Fmrily 44,801 13,304 6,342 51,763 6,388 2,781 55,370 6,576 2,585 59,361 
Low-Derratty 10,997 4,989 2,915 13,071 2,518 1,530 14,059 2,245 1,539 14,765 
Low-Rise 6,533 2,772 1,818 7,487 1,458 708 8,237 1,238 651 8,824 
High-Rist 3,295 1,484 814 3,965 756 412 4,309 629 435 4,503 
Sajmcves: Uiited States Department of Commerce, 1970 Census of Hou:&Wg and Arthur D. Little, Inc. 
TABLE G.2.4-2. SINGLE-FAMILY, DETACHED, UNIT DEMAND
 
Space Heating:
 
Northeast 

North Central 

South 

West 

1970 (MM BTU/UNIT/YEAR)
 
Stories Electricity 

1 66.2 

2 66.3 

1 75.4 

2 74.9 

1 37.2 

2 35.2 

1 48.5 

2 48.4 

Fuel 
Gas Oil 
184.5 215.2 
174.5 203.5 
205.5 239.8 
196.3 229.2 
84.7 
81.2 
113.1 
109.4 
TABLE G.2.4-3. AIR CONDITIONING PENETRATIONS (Percent
of Total) [PI-74-5] 
Region 
Northeast 
North Central 
South 
West 
Room, 
27 
25 
34 
14 
1970 
Central 
4 
9 
18 
10 
Total 
31 
34 
52 
24 
Room 
53 
47 
25 
36 
1990 
Central 
28 
38 
75 
54 
Total 
81 
85 
100 
90 
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The coefficient of performance, defined as:
 
COP = heat delivered to the conditioned space
 
energy input required
 
was taken to be 2.25 on the average over the ten year period.
 
This is based on projections that a high percentage of the
 
units will be installed in the south where values are in
 
many cases greater than 2.5, plus the projections that heat
 
pump COP will increase on the average from 50% to 100% over
 
the next 10 years.
 
Air conditioning energy demand is equal for the heat pump
 
and electrically driven air conditioning unit installed in
 
all homes.
 
Analysis 
10% of single family inventory in 1975 = 4,830 x 103 units 
24% of single family inventory in 1985 = 13,300 x 103 units 
Electrically heated homes to be built 
in period 1975-1985 8,470 x 103 units 
Number of dwellings with potential for installation of hpat 
pumps (assumption 1) = (.60) (8470 x 103) = 5.1 x 10 units 
If these 5.1 x 106 homes were heated with electric resistange 
furnaces, the point of use energy requirement would be (5.1 x 10 ) x 
(49.2 x I00 BTU/yr) = 2.5 x I0 BTU/yr. Assuming the conversion and
 
distribution loss will average 67%, this is eqgivaTent to 7.5 x l014 BTU/yr
 
primary energy consumption. If these 5.1 x 100 homes were instead heated
 
-with heat pumps, the energy required (assumption 5) would be:
 
primary energy input to heat pumps 7.5 x 1014 BTU/yr
 
2.25
 
= 3.3 x 1014 BTU/yr
 
This represents a potential savings of (7.5-3.3) x 1014
 
4.2 x 1D14 BTU/yr or .42 quads of primary energy.
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The question of how much of this potential savings will be realized
 
depends on large scale consumer acceptance of the heat pump as an
 
alternative to gas, oil or resistance heat. This in turn depends on
 
the incentives that the home buyer has to choose one system over another.
 
The greatest inducement will probably be financial, especially in light
 
of the present and projected fossil fuel rates. Several studies have
 
been done which indicate that heat pumps offer lower operating costs
 
than oil heat inmost regions of the country and are quite close to
 
those for gas heat inmany regions. A total cost comparison made in
 
1972 by Westinghouse Electric using 1972 projections for fuel prices
 
through 1985 indicated that heat pumps may have the lowest overall
 
annual operating costs by around 1979-1980. In view of the fact that
 
these predictions were made before the fall of 1973 jump in fuel prices,
 
the breakeven point may be much earlier. Calculations using 1972
 
fuel cost rates indicated that heating costs for a heat pump were
 
$44 a year more in Milwaukee as compared to a gas furnace. InChicago,
 
the costs were comparable, and in the southern cities of Atlanta and
 
Daytona nearly $40 per year was saved by using a heat pump. From this
 
itwould seem that heat pumps have been cost effective only in the
 
warmer climates of the country, but in the future, fuel costs are
 
expected to increase more rapidly than electric rates so that heat
 
pumps should come to be cost effective over wider regions of the
 
country. Table G.2.4-4 summarizes a study done by General Electric
 
based on heating requirements and fuel costs intwelve selected cities.
 
It indicates that heatings costs for a heat pump were lower than those
 
for an oil furnace in all of the cities and lower than with a gas
 
furnace in seven cities. Ifnatural gas prices are deregulated, it
 
should have a profound effect on these figures. Another point is that
 
it is becoming increasingly difficult to get natural qas in some parts
 
of the country, for example in the northeast.
 
The coefficientof performance of heat pumps is not yet high
 
enough to result in a net primary energy savings over gas and oil
 
furnaces in all parts of the country, but because they are operated

with electricity, they result in a switch to energy source fuels which
 
can be used in a.central power station. Projections indicate that
 
greater percentages of electric power will be generated using coal
 
and nuclear which could result in a large savings of oil and natural
 
gas. Continued research and development will be necessary to increase
 
the performance of heat pumps to the point where they result in a
 
net savings in primary energy. Heat pumps also offer the possibility
 
of using sources of low grade energy such as waste heat or solar energy
 
to heat homes with greater efficiency than can now be realized with
 
conventional heating systems.
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TABLE G.2.4-4. APPROXIMATE HOME HEATING COSTS AS OF 1974
 
FALL [GE-74-1] 
City 
Atlanta, Ga. 
Boston, Mass. 
Chicago, Ill. 
Dallas, Texas 
Kansas City, Mo. 
Knoxville, Term. 
Minneapolis, Minn. 
Philadelphia, Pa. 
Phoenix, Ariz. 
San Diego, Calif. 
Seattle, Wash. 
Washington, D.C. 
Gas(a) 
73.50 
341.57 
Z45. Z0 
42.20 
90.69 
104.0Z 
261, 0Z 
220.20 
Z9.29 
16.86. 
190.51 
163. 27 
Oil(b ) 
186.50 
420.00 
495.00 
142.00 
352.00 
256.0978.39 
587.00 
60.00 
71.50 
37.70 
267.00 
305.00 
Heat Pump 
71.73 
381. 1Z 
240.71 
36.69 
100.53 
340.17 
196.56 
23.46 
18.28 
61.57 
Seasonal Conversion Efficiency 
(a) Gas 50% 
(b) Oil 45% &-oil at 36#/gallon 
EZ IE Lower cost than gas 
OLower cost than oil 
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Energy savings in addition to that projected in this example could
 
be realized if a greater percentage-of the new construction included
 
the installation of electric heat pumps and if the COP of new units
 
could be increased to a level where there were primary energy savings
 
inall areas of the country. Installation of heat pumps in homes as
 
replacements for oil furnaces could also lead to energy savings. If
 
10% of the homes presently heated with oil and gas were converted to
 
heat pumps, 240,000 barrels of oil per day could be saved. [COPPS-751

Ifthe 20 million homes presently heated with oil were converted to the
 
heat Dump, 2.7 million barrels per day would be saved or 1 billion
 
barrals per year [GE-74].
 
Technology
 
The advantages of using heat pumps for space conditioning have
 
been known to engineers in the HVAC industry for some time, but technical
 
problems have impeded their development and market acceptance until quite
 
recently. The earlier models were inmany cases merely standard air
 
conditioning units which were reversed for heating purposes. Consequently,
 
these units used standard air conditioner compressors that had not been
 
designed for year round duty, and the reliability was poor; hence,
 
dissatisfied owners,-which resulted in poor market penetration. In the
 
lastjfew years, heat pump manufacturers have been able to overcome the
 
technical problems mainly through redesign of the compressor so that
 
the reliability is good enough that most manufacturers and some utilities
 
offer up to 10 years assured service contracts at nominal cost to the
 
owner. .Research and development has continually aimed at increasing
 
the coefficient of performance of heat- pumps and manufacturers project
 
a 50 to 100% increase in this measure of performance in the next 10
 
years. This would make a heat pump system considerably more energy
 
efficient than fossil fuel burnihg furnaces. The increased reliability

and efficiency has resulted in greatly increased consumer acceptance
 
of heat pumps, and manufacturers project very high new home market
 
penetration by 1985.
 
Impacts
 
This action could lead to financial savings for the homeowner
 
who installs a heat pump system as well as primary energy savings
 
(at the power plant). The ease of implementing such an action would
 
be closely linked with the financial benefits to be realized as well
 
as the time period for this realization, i.e., the payback period.
 
G-41
 
A heat pump system costs from $300 to $500 more thana conventional
 
furnace-air conditioner system (including installation) but inmany
 
cases would involve lower operating costs, depending on the local weather
 
conditions and prevailing electricity and fuel costs. The energy savings
 
to be realized would also dependon-the geographic distribution of homes,
 
as the efficiency is a function of the temperature difference between
 
the outside and the conditioned space. Widespread acceptance of heat
 
pumps will then depend to a large extent on consumer education to the
 
concept of life cycle costing so that he isaware of the possible financial
 
benefits. Government may become involved through consumer education,
 
financial incentives and research and development of more efficient and
 
reliable systems.
 
Projections of heat pump manufacturers have predicted that they
 
will have the capital, manpower and materials necessary for the increased
 
demand foreseen for heat pumps. There will be an increased demand for
 
trained personnel to install and service heat pumps, but the major
 
utilities and manufacturers are already setting up training programs.
 
The demand for heat pumps should be monitored quite closely so that
 
ifdemand has a tendency to increase to a level greater than can be
 
supplied (because of widespread consumer education or government incentives
 
or mandates which encourage heat pump installation) the manufacturers
 
will have sufficient lead time to increase production.
 
Heat pumps do increase the first cost of a house slightly, so
 
widespread installation by builders may lead to a depression of the
 
new housing market ifconsumers are not educated with regard to the
 
advantages and disadvantages of this type of space conditioning system.
 
Another economic impact will be to increase demand for electricity so
 
that the utilities will have to include this increased demand in their
 
projections. Although if heat pumps are installated in lieu of electric
 
resistance heat, the demand will decrease. The increased electricity

demand during the winter may help to alleviate the summer peaking
 
problem and result in lower utility prices or smaller increases for
 
consumers. The effect of the move to electric heat on employment
 
should be examined carefully. Itmay be that heating and air conditioning
 
distributors cannot easily switch to heat pump installation or that
 
local fuel distributors will be adversely affected.
 
Environmentally, the adoption of electric heating systems has
 
the effect of moving the source ot poilution to-the central power
 
source. Resistance heating results ingreater air pollution because
 
of its lower overall raw fuel efficiency, but the heat pump will result
 
in lower overall emissions than oil or gas because of its greater'
 
efficiency and the better facilities for emission control at the central
 
power plant.
 
Overall, the installation of heat pumps in lieu of resistance or
 
fossil fuel heating units appears to be quite feasible from the stand­
point of impacts. However, if a concerted effort to greatly increase
 
the market penetration (as for example by government) is undertaken,
 
the implications as to employment, the construction industry, manufacturers,
 
etc. must be studied carefully so that the transition could be accomplished
 
with the least amount of disruption possible.
 
G.3. RESIDENTIAL/COMMERCIAL SUBSTITUTION ACTIONS
 
This section presents a more detailed explanation of the systems
 
approach used in identifying the means for energy conservation by sub­
stitution for scarce energy resources which was outlined in Chapter 7.
 
A specific action, solar heating and cooling, is used as an example to
 
illustrate the broad-based analysis needed to accomplish a systems study.
 
G.3.l CONSERVATION THROUGH SUBSTITUTION FOR SCARCE FUELS
 
As previously indicated in Chapter 7, the Residential/Commercial
 
sector was divided into three sub-study groups. The objective of this
 
sub-study analysis was to identify means for energy conservation by sub­
stitution for scarce energy resources.
 
Inorder to effectiyely deal with this topic, a working definition
 
for 'scarce' must be determined. It can be theorized that any resource
 
capable of being utilized for energy generation has a finite limitation
 
and can, therefore, be classified as scarce. Scarcity, however, must be
 
viewed within the framework of a specific time to be relevant. The sun
 
can be cited as a representative example of a source which offers a
 
theoretically unlimited source of energy within the context of current
 
(time framework) knowledge and understanding of the sun/earth relationship.

It can be argued, however, that the sun has a finite limitation and there­
fore, at some future time, will become a "scarce" resource. Within a
 
relative time frame, coal mayalso be considered a "scarce" resource,
 
althouqh estimates of from 700 to 1500 years availability are projected
 
for the U. S.
 
The sub-studies for the substitution study involved the following areas
 
(see Figure G-3.I-I).
 
Identify conservation actions
 
Assess potential energy conservation of actions
 
Identify barriers to implementation
 
Identify incentives for implementation
 
Assess impacts
 
Each of these areas is discussed inmore detail below.
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IDENTIFY CONSERVATION ACTIONS j
 
ASSESS-POTENTIAL ENERGY CONSERVATION
 
OF ACTIONS ]
 
IDENTIFY BARRIERS TO
 
_________________IMPLEMENTATION 
IDENTIFY MEANS FOR
 
CONSERVATION -BY
 I
SUBSTITUTION FOR
SCARCE FUELS i IDENTIFY INCENTIVES FOR
i IMPLEMENTATION 
ASSESS IMPACTS 
.J 
FIGURE G.3.1-1 SCHEMATIC OF "SUBSTITUTION" SUB-STUDY
 
SYSTEMS APPROACH
 
IDENTIFY SCARCE
 
---7ENERGY RESOURCESj
 
IDENTIFY SUBSTITUTIONAL i IDENTIFY SUBSTITUTIONAL
 
C FNSERVATION ACTIONS ENERGY RESOURCES
 
IDENTIFY CONTROLS
 
FOR SUBSTITUTION
 
FIGURE G.3.1-2 METHOD FOR IDENTIFYING CONSERVATION ACTION
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Identify Substitutional Conservation Actions
 
Inorder to be able to identify those actions which will qualify as
 
substitution conservation actions, thre9 basic areas of information must
 
be determined (see Figure G.3.1-2).
 
Scarce energy resources
 
Substitution energy resources
 
Controls for substitution
 
"Identifying scarce energy resources" itself can be considered a
 
sub-study which would have the following requirements:
 
Identify present and projected levels of energy resource
 
availability.
 
Develop end use profile, both by usage and source energy
 
type.
 
The identification of those energies which are to be considered scarce
 
must also acknowledge factors beyond resource availability. For instance,
 
the effort of "Project Independence" to reduce oil imports could create
 
a 'scarcity' of oil within the U. S. even. before world oil reserves are
 
depleted. Also, the time frame considered will be a vital factor in
 
deciding if a particular energy resource is scarce. All non-renewable
 
energy resources may be considered scarce if the time frame selected is
 
sufficiently long.
 
Through a broad based literature search, current and projected

levels of fuel availability as well as end use profits were identified.
 
As a result of the analysis of these availability/demand profiles, the
 
primary "scarce" resources for which substitutional sources should be
 
sought were identified to 'be oil and gas.
 
The "identification of substitutional energy resources" appears to
 
divide itself into three areas:
 
Identify types of sybstitutional energies
 
Investigate technological feasibility
 
Determine reserves or capacity
 
The types of substitutional energies should not be limited to the
 
'alternate' energies (such as solar, wind, geothermal, trash incineration),
 
but must also include substituting such things as coal for natural gas or
 
oil. In fact, any presently non-scarce energy resource should be studied
 
as a possible substitution for any scarce energy resource. However, it
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should be noted the technological feasibility (including economics) may
 
be uncertain for a variety of reasons, including costs of other fuels,
 
materials, manpower, etc., both now and certainly in the future. Often
 
the potential reserves or ultimate capacity of the substitutional energy
 
is uncertain due to technical unknowns (conversion efficiency) or ignor­
ance of the basic resource (how much wind energy and where?).
 
This "identifying resources" phase of the analysis led to the identi­
fication of the myriad substitutional possibilities which included the
 
following: 
solar wind 
hydropower bio-mass conversion 
hydrogen solid waste conversion 
methane geothermal 
coal 
Potential energy to be derived from some of these sources is indi­
cated in.Table G.3.l-l.
 
Consideration was given to the technical feasibility of adopting
 
the aforementioned sources directly to residential or commercial insta­
llations, i.e., using the source -for local power generations as opposed to
 
generating the power at a remote plant and distributing it. This dssi­
bility seems to be beyond near term capabilities for many potential sub­
stitutional sources due to costs, proximity of the end user relative to
 
the power source location (as in the case of geothermal), pollution problems
 
and lack of available technology.
 
To "identify the controls" (constraints and criteria) involved in sub­
stituting for scarce energy resources, two basic divisions seem to exist:
 
Technological controls;
 
Social controls.
 
Technological controls are those technical constraints and criteria
 
operating on a particular substitution action. These technological controls
 
would involve the 'engineering feasibility' of the action. The social
 
controls would involve institutional (financial, political, legal) and
 
sociological interactions associated with the substitutional actions. As
 
was recently demonstrated with nuclear power, the social controls may veto
 
a technically feasible action but they may also force an "uneconomic"
 
proposal such as anti-pollution devices.
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TABLE G.3.l-1. POTENTIAL OF SELECTED SUBSTITUTIONAL ENERGY RESOURCES
 
IN THE U. S. rMEGASTAR - 741
 
coal (Jan. 1, 1972) 3.2 X 106 million tons
 
hydropower 126 GWe (all sites)
 
solar (entire U. S.) 4,500 Quads/year 
- Arizona 1900 BTU/FT2--DAY 
- New England 1100 BTU/FT2--DAY 
wind I011 KWe*
 
* [NSF/S.E.P. -- 72] 
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Engineering feasibility is a dependent variable based upon present

technology, present research and development, future investment by govern­
ment and industry, governmental policies, industrial interests, and the
 
desire expressed by the public for a particular energy source. To some
 
extent, these factors also reflect social controls.
 
As a result of an analysis of the previously mentioned potential

substitutional sources, a list of conservation "actions" was generated

(Table G.3.1-2). This list was then evaluated by examining specific
 
elements that would be instrumental in determining the viability of
 
selected substitutional conservation actions.
 
Assess Potential Energy Conservation of Actions
 
The assessment of the potential for energy conservation of a particular

action involves several sub-studies (see Figure'G.3.1-3):
 
Identify potential energy savings (net Energetics);
 
Identify material requirements;
 
Identify manpower requirements;
 
Identify capital requirements;
 
Identify time frame for implementation.
 
It should be noted that some of the above areas will involve 'best
 
quess' type analyses. Also, in identifying a particular conservation 
action, much of the information needed will be generated for assessment
 
of that action.
 
Table G.3.1-3 reflects a matrix analysis of all actions identified
 
within the scope of this study. This table displays the initial assess­
ment concerning requirements and impacts of each action.
 
Identify Barriers and Incentives to Implementation
 
The identification of barriers and incentives to implementation of 
a substitution energy conservation action is an ongoing problem through­
out all phases of the entire study. It should also be noted that barriers
 
and incentives can be generated internationally, nationally, and locally,
 
regardless of the particular substitution action taken. Also, any con­
servation action can induce its own incentives and barriers depending on
 
the method of implementation.
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TABLE G.3.1-2. LIST OF SUBSTITUTIONAL CONSERVATION ACTiO'% I'! TIHE RESIDENTIAL/ 
COMMERCIAL SECTOR*
 
Using solar insolatio9 for space heating and cooling of
 
buildings
 
Using solar insolation to generate electricity
 
Using wind energy to generate electricity
 
Using trash, garbage, or sewage as a fuel
 
Using hydro-power at the local level
 
Using electricity generated by a non-scarce fuel to replace
 
burning oil or gas
 
Using coal to heat and cool instead of oil or gas
 
Using hydrogen or methane in place of natural gas
 
* 	 All actions are assumed to be 'LOCAL': Either at the user location 
or close-by; i.e., The District Concept of energy usage 
IDENTIFY POTENTIAL 
ENERGY SAVINGS (NET
ENERGETICS) 
IDENTIFY MATERIAL 
REQUIREMENTS 
ASSESS POTENTIAL ENERGY IDENTIFY MANPOWER
 
CONSERVATION OF ACTIONS REQUIREMENTS
 
__ IDENTIFY CAPITAL 
REUREMENTS 
IDENTIFY TIME FRAME 
FOR IMPLEMENTATION 
FIGURE G,.3.l-3 
METHOD FOR ASSESSING POTENTIAL OF CONSERVATION ACTION 
TABLE G.3.1-3 CONSERVATION ACTION EVALUATION M'ATRIX 
"4" = favorable or positive 
2 
S AVAILABILITY IPACTS C" = unfavorable or negative"H."=h gH"= high 
"" = medium%1"= low 
, . = no effet 
l-Cfl ~~ ~ 2 ~ :OSC:> .2 .i 
CONSERVATION 
ACTION 
L- WU ac 0S-COMMENT > <" 
Using hydropower at the Installing 2 x 10b 
local level +L -L -L -L +L +L -L -L -M residential units saves 
0.06 Quads/yr. (assumed 
farming families are total 
Using hydrogen in place 
market with 10% participation) 
of natural gas +H -M -H -L -L -L -M M -L -L Assumed 7% appliance conversion/ 
yr. ad replaced 500 billion SCF 
nat. gas/yr. 
Change-over schedule: 
-1985: .5 Quad hydrogen in place 
-1990: 3 Quad 
Using electricity gener-
ated by a non-scarcc 
+M +M +M +L +M -L -L -M -H +L 
-2000: 8 Quad 
All new and replacement building 
not allowed to use oil or gas 
fuel (coal) to re- Savings in 1985 LP.I.-741 
place direct use of -oil: 0.11 Quad/yr 
petroleum and natu- -N.G.: 1.14 Quad/yr. 
ral gas -coal: 3.76 Quad/yr. additional 
consumed 
Using coal directly to +H -H -H -H -H -H -H -H -H -H Coal would become over 50% of 
heat and cool in- res./comm. direct energy input 
stead of oil and - Enormous conversion and retro-fit 
gas operation necessary 
Distribution system would have to 
be set-up 
to 
0 
TABLE G.3.1-3 

(E t-AVAILABILITY 

CONSERVATION 

ACTION 
Use solar energy for 

space heating and +M 

cooling and hot 

water heating 

Use solar insolation to 

generate electAcity +L 

Use wind energy to
 
generate electricity +L 

Use trash, garbage or
 
biomass as fuel +H 

CONSERVATION ACTION EVALUATION MATRIX (Cont.) 
A B I1"-"IMPACTS 
___"H" 
-z 
U- W - ' 
I- C C I 0 C 
o 
+H +H +H -'- tL +M +M +L +H 
+L -M +H +M +L +M +M +L ±M 
+L +L +H +H +L +M +M +M +M 
+M +M +H +H +L +H +H +M +H 
.t"+"favorable or positive
= 
" " =:hunfavorableg or negative 
=high""  medium
 
=
"L" low
 
"" = no effect
 
COMMENT 
. Minor implementation period in
 
1985 to 1995 time frame
 
. Savings about 2-6 quads/yr by 2000
 
. Assumed government continues
 
backing
 
. Regional implementation is uneven.
 
. Time ffame: beyond 1995 
. Severe cost/KW barrier at 
present; uncertain future costs 
. Large long range potential 
- Storage problem 
Potential
 
- 1980: 0.007 quad/yr.
 
- 2000: 10 ouad/yr. (max.)
 
imnlementation),
 
Biomass is long range, trash is
 
short to mid-range for implemen­
tation.
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Assess Impacts
 
The term impact as used here is in the broadest possible sense. A
 
substitution action will be evaluated as to its impacts not only on the
 
material, labor, and capital markets, but with respect to its effect on
 
life-style, institutional structure, environment, and any other area that
 
may be affected. A general approach to this study of impacts might be by
 
studying:
 
The users
 
The producers
 
The regulators
 
Overall, assessing the impacts becomes a 'brain-storming' activity in order
 
to relate as many of the impacts as possible.
 
G.3.2 EXAMPLE OF SUBSTITUTIONAL IMPACT ANALYSIS
 
Within the framework of this study, it was decided to assess the
 
potential impact from a specific action which would serve as a test case
 
for future assessment activities. It was felt that such an exercise
 
would be useful in formulating an analysis technique that could be applied
 
in the assessment of any alternate action deemed worthy of analysis. Dis­
cussions have revealed that significant impacts could result from the
 
institution of solar systems as a substitutional source in lieu of currently
 
available heating and cooling systems in the residential/commercial sector.
 
The following analysis reflects an in-depth study related to such an action.
 
Reasons for choosing this action included the following factors.
 
The potential conservation energy savings are reasonably high.
 
The Federal Government has indicated interest in this action.
 
Public enthusiasm has been generated for this action.
 
Industry appears interested in entering the solar field.
 
Current Status
 
Efforts to use solar energy for heating and cooling have met with
 
limited success to date. The basic technology is available and the
 
principles have been demonstrated; in fact, several working systems have
 
been built i.n the United States.
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Figure G.3.2-] is a schematic diagram of a specific heating and cooling
 
system. The three basic types of solar systems are those which permit hot
 
water heatina, hot water and space heating, and hot water, snace heatino and
 
cooling. Common characteristics of most current systems include:
 
Flat plate collectors;
 
An energy storage system;
 
An auxiliary energy source to supplement the solar caDability.
 
Since the collection and storage required to fake care of the maximum
 
possible heating/cooling load conditions is far too expensive to be
 
practical, a supplemental energy source must be provided. However, the
 
supplemental energy source must be capable of supplying the full heating
 
or cooling requirements of the building at the time when the demand is
 
the greatest. The thermal energy available from the collector or storage
 
units can be used directly for space and water heating or to operate a
 
heat actuated cooling unit. As with space heating and cooling with conven­
tional energy sources, various pumps, controls and facilities for circula­
ting air from the heating and cooling units to the conditioned space are
 
required.
 
Presently, space heating and hot water heating are the closest to
 
being economically viable. With rising fuel costs and more attentive
 
consumers, space and hot water systems should be competitive within three
 
to four years. The technology for space cooling systems is not as well
 
developed and lags heating system development by approximately five
 
years.
 
Consumer Status
 
The public appears enthusiastic about the introduction of solar heating
 
and cooling. Several individuals have, at their own expense, installed heat­
ing and hot water systems on their homes. Popular literature has reflected
 
this public interest with many articles detailing "How-To" techniques as
 
well as reporting the latest developments in solar research. However, the
 
high initial cost has been the restraining factor against wide-spread
 
implementation.
 
Industry Status
 
The technology for solar space heating exists now and manufacturers
 
are beginning to make subsystems and systems available, but current prices
 
are high. The application of this technology to user needs must be demon­
strated convincingly, production increased, and prices reduced appreciably
 
before a sufficient market can be developed. Also, standards must be set and
 
methods developed to assure the buying public that the tandards are being
 
met. The recent founding of the Solar Energy Industry Association (SEIA)
 
illustrates the ready-and-willing attitude of industry to enter the solar
 
field.
 
THERMAL STORAGE 
(HOT WATER) 
NEAT ACTUATED 
COOLING UNIT 
I'-
SUPPLEMEN4TARY A 
HEATING UNiT 
PUMP 
HOT WATER 
FIGURE G.3.2-1. 	 COMBINED SOLAR SPACE HEATING AND COOLING
 
SYSTEM WITH HOT WATER STORAGE [TERRASTAR-73]
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Government Status
 
The Federal Government is presently undertaking a national plan for
 
solar heating and cooling. ERDA is acting as the lead federal agency in
 
cooperation with other participating agencies. NASA has the responsibi­
lity for management and development of the solar heating and cooling
 
systems which are to be installed nation-wide under the plan, The laws
 
passed by the 93rd congress dealing with this program are:
 
Solar Heating and Cooling Demonstration Act of 1974, P.L. 93­
409, September 3, 1974;
 
Energy Reorganization Act of 1974, P.L. 94-438, October 11,
 
1974;
 
Solar Energy Research, Development, and Demonstration Act of
 
1974, P.L. 93-473, October 26, 1974;
 
Federal Non-nuclear Energy Research and Development Act of 1974,
 
P.L. 93-577,. December 31, 1974.
 
The overall goal of the plan is to stimulate the creation of a viable
 
industrial and commercial capability for producing and distributing solar
 
heating and cooling systems, thereby reducing the demand on present

fuel supplies through widespread use in residential and commercial build­ings and applications. The plan calls for the demonstration of solar heat­
ing by the end of Fiscal Year 1977 and the demonstration of combined solar
 
heating and cooling by the end of Fiscal Year 1979. Also included are
 
supporting research and development, collection and dissemination of infor­
mation, and suggested Government policy measures to accelerate implimenta­
tion and market development. [ERDA 23-75]
 
The National Plan for Solar Heating and Cooling includes three major
 
elements:
 
Demonstrations for both commercial and residential applications,

initially utilizing available systems;
 
Development in support of the demonstrations, initially utilizing

available subsystems and components;
 
Research and development to advance solar heating and cooling

technology essential to the timely progress of the demonstra­
tions and the eventual large scale applications.
 
On the state level, governmental emphasis has been primarily on the
 
providing of incentives for installing solar equipment, with very little
 
solar research or development being instigated by the states. Indiana
 
recently instituted a tax exemption on installed solar systems, and many

other states have pending legislation along this same line. Also, several
 
states are investigating the possibilities of demonstrating solar heating

and cooling by having systems installed on newly constructed state build­
ings.
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Requirements
 
The requirements of solar systems for capital, manpower, and materials
 
depend on both the extent and rate of implementation or installation. For
 
example, with the installation of one million systems within the next two
 
years, the requirements might not be able to be met. However, if the goal
 
is to install these systems over a ten year span, then the availability
 
of capital, manpower, and materials ismore likely.
 
Several studies [PI-74, Ford-74, Terrastar-73] have projected the
 
expansion of solar development. Figure G.3.2-2 shows these projections of
 
solar energy in service from 1985 to 2000. The requirements for the pro­
ject Independence projections are shown by Table -.
3.2-1 for space heating
 
and hot water combined, and by Table G.3.2-2 for hot water heating alone.
 
The Ford Foundation [FORD-74] projects solar utilization in its "Tech­
nical Fix Base" scenario. Table G.3.2-3 lists the requirements for the
 
Ford projection by five year increments. Table G.3.2-4 standardizes these
 
requirements by stating them per million square feet of installed collec­
tor.
 
ERDA has projected the number of annual solar installations and the
 
fuel savings by year from 1976 to 1985. Table G.3.2-5 shows these solar
 
starts, including commercial retrofits. The Westinghouse Phase 0 Solar
 
Study [Festinghouse-74] projects the percent of new construction 'that
 
would be cost competitive using solar-assisted space heating and cooling,
 
and this is shown in Figure G.3.2-3.
 
Overall, the material, manpower, and capital requirements do not seem
 
excessive in any of the projections. The availability of these require­
ments should not be-a bottle-neck to the development and expansion of solar
 
heating and cooling systems.
 
Barriers to Implementation
 
The barriers to implementation of solar systems may exist from the
 
manufacturer down to the consumer. These barriers may be raised by govern­
ments, institutions, special interest groups, or by the consumer himself.
 
Presently, the identification of barriers is a task taken on by the manu­
facturer of the particular item when considering marketability. However,
 
the identification of barriers should not stop with just getting the item
 
marketed. Any future-time barriers should be addressed before they are met.
 
A partial listing of barriers, incentives to overcome these barriers, and
 
specific actions are given inTable G.3.2-6.
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TABLE G.3.2-1 SOLAR SPACE HEATING AND HOT WATER FOR SINGLE FAkILY AND
 
UTIbIZATION 

(10 BTU/yr) 

2
 
1980 .28P 

(.012) 

1985 .550 

(.280) 

1990 1.490 

.550) 

1995 2.4 

(1.3) 

2000 3.5 

(2.3) 

1 Oil at $11/bbl
 
2 Numbers shown refer to 
SMALL COMMERCIAL BUILDINGS [PI. DRAFT-741 
ANNUAL INSTALLATION 
OF NEW UNITS CAPITAL 
(Includes Hot Water REQgIREMENTS MATERIJL REQUIREMENTS 
Only Systems) 
SINGLE SMALL 
(10 $/yr) 
(Plant + 
(10 TONS/YR) MANPOWER 
(103 MAN-YEARS) 
EaNIL COMM. Consumer) Aluminum Glass Steel PER YEAR 
117,000 72,000 53 605 826 1339 67
 
(58,000) (13,600) (17.0) (146.9) (199.9) (346.6) (18)
 
205,000 126,000 89 1064 1452 2333 116
 
(102,500) ( 62,500) (45) (532) (726) (1166) C58)
 
205,000 126,000 89 1064 1452 2333 116
 
(205,000) (126,000) (89.3) (1064) (1452) (2333) (116)
 
205,000 126,000 89 1064 1452 2333 116
 
(205,000 (126,000) (89.3) (1064) (1452) (2333) (116)
 
205,000 126,000 89 1064 1452 2333 116 
(205,000) (126,0001 (89.3) (1064) (1452) (2333) (116) 
"Accelerated Development" with "Business As Usual" numbers in parentheses. 
0, 
TABLE G.3.2-2. 	SOLAR HOT WATER HEATING FOR SINGLE FAMILY AND
 
SMALL COMMERCIAL BUILDING WITH NO ACCELERATED
 
PROGRAMa [PI DRAFT-74J
 
YEAR DIRECT ENERGY 
SAVING (10 5BTU) 
SING.FAM SM.COMM. 
ANNUAL INSTALLATION 
OF NEW UNIT 
SING.FAM. SM.COMM. 
MATERIAL 
REQUIREMENTS 
(TON/YR) 
ALUMINUM GLASS STEEL 
MANPOWER 
REQUIREMENTS 
(MAN-YRS/YR) 
CAPITAL 
REQUIREMENTS 
(108$/yr) 
1978 6,850 2100 
1980 .00036 .00308 13,700 8400 17,810 22,640 14,400 3,334 3.84
 
1990 .070 .172 137,000 84,000 290,280 422,600 241,000 30,430 21.2
 
a. Oil-at $11/bbl
 
TABLE G.3.2-5 ANNUAL SOLAR STARTS AND FUEL SAVINGS 3 EERDA 23-75J
 
1976 1977 1978 1979 1980 1981 1982 1983 1984 1985
 
Annual Starts1 0.01 0.03 0.1 0.5 2 5 7 10 15 15
 
RESIDENTIAL
 
Annual Fuel
 
Savings 2. 3.2 12.8 44.9 205.4 847.4 2452.4 4699.4 7909.4 12,724.4 17,539.4
 
Annual Starts 1 0.1 0.3 1 5 20 50 70 100 150 200
 
COMMERICIAL
 
Annual Fuel
 
Savings2 2.4 9.6 33.7 154.2 636.2 1841.2 3528.2 5238.2 9553.2 14,373
 
Annual Retrofits, 0.1 0.6 1 2 3 2 2 1 1 0.5
 
COMMERCIAL
 
Annual Fu1
 
Savings 32.1 224.1 5457 1187.7 2150.7 2,792.7 3434.7 3755.7 4076.7 4237.2
 
RES/COMM Total Anngal Fuel
 
Savings 40 250 620 1550 3630 7090 11,660 17.600 26,350 36,150
 
1. In thousands of units.
 
2. In thousands of barrels of oil equivalent energy saved per year.
 
3. Assuming 60% solar substitution, wi h 1500 FT2/housing unit and 15Q,000 BTU/FT2-yr
 
for residential, and with 15,000 FTd/comm. unit and 200,000 BTU/FT -yr for
 
commercial.
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TABLE G.3.2-3 	 SOLAR HOME HEATING AND COOLING REQUIREMENT
 
FOR FORD TECHNICAL FIX BASE fMEGASTAR-741
 
1975-80 1980-85 1985-90 1990-95 1995-2000
 
Solar Quads/year 0.1 0.7 1.4 2.1 2.7
 
Ft2 Collector (billions) 0.1 1.2 2.6 3.7 4.8
 
Aluminum (thousand tons) 32 240 300 250 250
 
Glass (million tons) 0.1 1.1 1.4 1.1 1.1
 
Insulation (thousand tons) 22 160 200 170 170
 
Steel (million tons) 0.1 1.1 1.4 1.1 1.1
 
CPVC Pipe (thousand tons) 15 110 130 110 110
 
Cost (billions) 2 12 15 12 12
 
Engineering Manpower 200 1,800 3,700 5,300 6,900
 
Other Manpower 2,500 20,000 43,000 61,000 79,000
 
TABLE G.3.2-4 	 SOLAR ENERGY SYSTEM UNIT REQUIREMENTS PER
 
MILLION SQUARE FEET OF FLAT PLATE COLLECTOR
 
[MEGASTAR-74]
 
Item Quantity
 
Aluminum 400 Tons
 
Glass 1,000 Tons
 
Insulation 	 150 Tons
 
Steel 1,000 Tons*
 
CPVC Pipe 100 Tons
 
Cost $11 Million
 
Manufacturing Manpower 60,000 Manhours
 
Installation Manpower 120,000 Manhours
 
Useful Energy Generated Per Year .00056 Quads
 
*Fiberglass tanks could also be used; price is approximately
 
the same.
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TABLE G-3.2-6 SUMARY OF INCENTIVES AND ACTION OPTIONS [ERDA 23-75) 
Barriers to Implementation Types of Incentives Action Party/Agency Specific Action Steps Parties Affected
 
1. 	Hish first costs are * Inc.e tax deduction Federal and State Develop effective tax Creater incentive
 
a di.tincentive to the Governments deduction formula for high income
 
consumer groups than low
 
" 	 Income tax credit Federal and State Allow a tax credit of 
Governments some % of installed Home owner, all 
costs or mortgage income groups 
payments 
" Direct subsidy Federal and state Direct assistance in General public 
Governments the purchase of 
solar equipment
" Assure that mortgage Federal Government influence the Federal Financial insti-
Roe Loan Bank Board, tutions; homebuyerg 
FNIR, and GNMA 
" Guaranteed and Federal Government Raise the limit on Financial insti­
insured loans FrA-insured mortgages tutions, homeboyers 
to cover solar systems 
" Lo. interest Federal Federal Government Provision of low-interest H mehuyer. 
borrowing loans 
2. 	 Solar system make a * Similar to those under Federal and State As above Homebuyers and
 
home more expensive 1. for the purchase of Governments sellers
 
and perhaps burden to sell a solar equipped
 
house
 
3. 	It may be difficult * Government insurance Federal Government Legislation to provide Financial
 
and/or expensive to government insurance community,
 
insure a solar equipped Holmebuyers.
 
building 
 insurance Ind.
 
4. 	If construction materials * Sales tax exemption State and local Change in tax IAw Construction Ind.
 
purchased by builders are or reimbursement for governments Homeowner
 
taxed, the cost of the materials used in solar
 
solar system to the con- system installation
 
sunr wiLL be incre. ed
 
5. 	The solar system * Tax exemption State and local Develop provisions Homebuyers,
 
increases the price goverorente which are fair and owners, and 
of a home and hence equitable sellers 
the property taxes 
6. 	Solar syst.ems in com- * Investment tax credit Federal and State Extension of the Investors
 
mercial buildings may Governments investment tax credit

yield an unfavorable 	 to the cost of solar
 
rate of return * Accelerated depreciation Federal. installations 
Governrent Work out a suitable
 
formula 
7. 	The potentLal manu- * Accelerated Federal Government Tax ruling Manufacturers and
 
facturers may be depreciation of 	 indirectly con.
 
skeptical about entering capital equipment sumers
 
the business due to high
 
initial production costs.
 
8. 	Insufficient RbD * Government grants Federal and State Increase government Research community
and contracts Governments R&D funds manufacturers 
9)GNUPAG ;SOFP W0.
__ 1yQUAL 
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FIGURE G.3.2-3. TRENDS IN SOLAR-ASSISTED SPACE HEATING AND COOLING
 
SYSTEMS COST-EFFECTIVENESS fWestinghouse-74]
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The use of incentives to overcome barriers isprobably the most
 
popular method being tried today. Through the provision of incentives,
 
the currently slow trend toward solar can be accelerated so as to achieve
 
a favorable economic climate. Among the possible ways to achieve such
 
an accelerated growth of the solar energy industry are the following
 
alternatives:
 
Income tax credits for solar systems;
 
Sales tax exemptions on solar equipment purchases.
 
Increase mortagage money availability and guarantee and insure
 
loans for solar systems;
 
Permit faster tax depreciation on solar systems;
 
Permit fossil fuel prices to find natural supply/demand levels
 
on the open market;
 
Provide accurate climatic data for solar systems design;
 
Adjust property taxes downward by the amount of solar equipment
 
purchased-to encourage use of solar energy systems;
 
Remove preferential rate structures that encourage industrial
 
and residential consumers to consume more energy.
 
While the aforementioned alternatives have a monetary value, the
 
benefits exceed the costs in terms of fossil fuel savings, pollution
 
reduction and improved balance of payments.
 
Impacts
 
The implementation of solar energy systems to conserve scarce
 
resources implies broad based repercussions in a number of societal
 
areas. Increasing awareness of the many social, political, economic,
 
and environmental repercussions, as well as other consequences result­
ing from such technology implementation, dictates the necessity to
 
investigate the potential impacts from such an action. Impact analysis
 
also permits an introspective examination of many latent factors that
 
can have effects insuch areas as product design, determination of
 
potential market areas and distribution strategies which may yield
 
crucial data as to the commercial feasibility of instituting an action.
 
This section, therefore, attempts to identify and discuss some
 
of the potential impacts resulting from the implementation of solar
 
energy systems to provide heating and cooling for the residential and
 
commercial sectors.
 
'G-6-4
 
Environmental Impacts
 
In order to assess the effect of solar energy utilization as a
 
substitutional resource, it is necessary to determine the total energy
 
inputs versus energy outputs (net energetics) required to produce the
 
collector system. The result of such a net energetics study based
 
on the use of either steel, copper, or aluminum for the collector
 
medium with a 1/4 inch glass coyer and a 22 gauge steel sheet metal
 
pan as the container for the components is shown in Table G.3.2-7.
 
This study indicates the principal energy consumer to be the collec­
tor plate with steel reflecting the lowest cost. While copper and
 
aluminum reflect the same energy cost, copper requires approximately
 
one half the thickness of aluminum. The copper collector, however,
 
is twice the weight and four times more expensive on a per pound

basis than aluminum. Copper, on the other hand, possesses superior
 
corrosion resistance which may make it more competitive on a life­
cycle cost basis. Another impinging factor isthat bauxite avail­
ability for aluminum production is-almost totally reliant on imports

while copper is almost totally domestically produced.
 
Table G.3.2-8 reflects the total collector energy costs based
 
on the use of the previously mentioned materials. Based on the assump­
tion that one square foot of collector will result in a reduced fossil
 
fuel usage of 500 BTU/day, the energy investment associated with the
 
steel collector will be repaid in 183 days (.5 years), while the copper

and aluminum collector willreturn their initial energy investment
 
in 254 days (.7 years). These payback periods are exclusive of thermal
 
insulation gasket materials, and surface coatings, the inclusion of
 
which would increase the payback period slightly.
 
Table G.3.2-9 reflects the impact of solar energy systems production
 
upon the manufacturing industry. It can be seen that the most signifi­
cant impact is created by the glass requirement which, at the production

level of 500 million square feet per year, requires 4T% of the'1972 con­
sumption level. For a similar production level, copper creates the next
 
greatest impact, requiring 13% of the corresponding 1972 production level
 
followed by aluminum at 5%. Table G.3.2-9 also indicates a significant

factor with respect to aluminum, i.e. the U.S. is almost completely

dependent upon imports while copper is least dependent upon imports.
 
An "energy efficacy" net energetics analysis which compares the ratio
 
of the energy contribution of a particular system to its energy cost over
 
an assumed lifecycle period is reflected inTable G..3.2-10. Significantly,
 
solar systems have the highest efficacy level of any system.
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TABLE G.3.2-7 COLLECTOR COMPONENT ENERGY COSTS [TRW-743
 
Jotal Weight Energy Cost Un etor Pr 
Material Thickness (lbs/ft2) (Btu/lb) Unit Collector Area 
.. ... . (in) (B/if2) 
Covers & Pan 
Float Glass 0.25 33 5x 10 16.5 x u0 
Steel 0.0312 1.25 20 x 103 25.0 x 103
 
Collector Plates
 
Steel 0.0624 2.50 20 x 10' 50.0 x 1o
 
Copper 0.0365 1.68 51 x 10 15.6 x 103
 
Aluminum 0.060 08 100 x 85.0 x 103
 
TABLE G;3.2-8 TOTAL COLLECTOR ENERGY COSTS [TRW-74]
 
Enrgy o~t-Per
 
EnergyrCost Per Payback Period*
 
Material Unit Collector Area (Years)
I i I(Btu/ft2) (Year,) 
Steel 91.5 x 1O 0.5
 
Copper 127 x 103 0.7
 
Aluminum 127 x 10 0.7
 
*Assumes an average of 500 Btu/day of energy collected and
 
utilized-in the reduction of fossil fuel consumption.
 
TABLE G.3.2-9 COLLECTOR MATERIALS REQUIREMENTS [TRW-74J
 
Material 

................ 

Cover and Pan
 
Float Glass 

Steel 

Collector Plates
 
Steel 

Copper 

Aluminum 

.....qfr er 16t -fl TI' 'F, tear 1500 Mill :Ufl SQ Ft/YcaC,
j Consumption Material Imported Mil ] P.ercenf Million Percent of 
.(Mill in Tons) in 197? Tons -1972 Consu.-iption TonA _1972 ConsumnLion 
2.05 -- 0.083 4.1 0.83 41
 
133 28 0.032 0.025 0.32 0.25
 
133 28 0.063 0.045 0.63 0.45
 
2.4 18 0.042 1.8 0.42 18
 
4.1 96 0.022 0.5 0.22 5
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TABLE G.3.2-10 ENERGY EFFICACY COEFFICIENT FOR
 
CONVENTIONAL AND SOLAR ENERGY SYSTEMS [TRW-74]
 
SYSTEM 
Coal ilning 
Petroleum refining 

Gas utilities 

Nuclear fission 

reactors (LWR) 

Energy plantations 

Ocean thermal 

gradients 

Photovoltaic system 

(large satellite) 

Photovoltaic system 

(large terrestrial) 

Thermal system 

(large plant) 

Thermal system 

(small plant, on 

buildings) 

EFFICACY 

42 

4.8 

5.9
 
<32 

< 3 

<15 

< 6 

<27 

<55 

<56 

COMMENT
 
Excluo5 Qnorgy roquirod for dolivory
 
to final demand
 
Excludes energy required for delivery
 
to final demand
 
Based entirely upon energy consumed by
 
gaseous diffusion isotopic enrichment
 
of fuel
 
Electric output. American Southwest.
 
Assumes three crops per year, field dry­
ing, and combustion to generate electri­
city
 
Electric output. Considers only energy
 
input into material (aluminum) for bailer,
 
condenser, and cool water intake conduit.
 
Electric output. Published projections
 
revised to account for indirect energy
 
inputs into materials.
 
Electric output. Considers only total
 
energy input to aluminum support struc­
ture for solar cell array.
 
Electric output. Considers only total
 
energy input to aluminum support struc­
ture (which may form part of collector)
 
and double glazed glass cover.
 
Heat output. Considers only cotal energy
 
input to copper rooftop collector and
 
double glazed glass cover.
 
* 	 Thirty-year installation lifetimes are assumed. 
t* 	 Consideration of additional energy inputs necessarily reduces the 
energy efficacy coefficient. 
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Land Use Modification
 
Future land use patterns will be changed somewhat as a result of
 
widespread use of solar collectors. The retrofit market will be limited
 
depending upon past land use patterns which defined orientation, roof
 
type, tree locations, and general exposure to the sun. Geographic
 
locations will present varying opportunities for retrofit. Areas of
 
the country where most houses are of one-story construction, mostly
 
oriented north-south with wide lots and few trees (such as Phoenix,
 
Arizona), would present Greater opportunities for retrofit than an area
 
where housing ischaracterized by multi-story, multi-family units on
 
narrow lots with a high degree of shading and random house orientation
 
(such as Boston, Massachusetts).
 
New construction employing solar systems will require considerable
 
consideration for orientation in order to maximize solar insolation. A
 
general orientation of the long axis of buildings in the east-west
 
direction will be common for buildings using roof-top collectors. Such
 
orientation requirements Vill alter the relationship of buildings to
 
streets in communities laid out on the typical grid pattern. The
 
esthetic effects and resultant impacts on potential buyers may result
 
in constraints to market penetration.
 
Consideration must also be given to adverse effects resulting from
 
the proximity of single-story buildings to multi-story buildings with
 
respect to sun exposure where roof-top solar collectors are employed.
 
Permits for new construction will have to be evaluated to consider the
 
possible effect a proposed building might have on adjacent buildings
 
as a result of shadow patterns cast from the sun.
 
Building sites that are not conducive to the utilization of solar
 
systems (shaded sites, sloping topography that does not permit proper
 
orientation) may be refused permits for construction by city ordinances
 
and building inspectors. Concepts of landscape design which encourage
 
a decreased use of trees to beautify surroundings and to shade buildings
 
will most likely result from the implementation of solar systems.
 
Architectural Impact
 
The acceptance of solar systems will be largely dependent upon
 
the integration of solar components into the total design of the build­
ing. This will present design challenges to the architectural pro­
fession and will require much greater attention to those design elements
 
affected by the solar system, e.g. roof and wall surfaces, roof slope,
 
physical appearance, orientation relati-ve to the sun, collection/distri­
bution system's design, materials' use, as well as consideration for
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a total design that is conservation oriented. The requirement that
 
architects be familiar with such design elements may require a need for
 
continuing education programs to expose practicing-professionals to the
 
design ramifications associated with solar systems technology. This
 
would require that universities establish curricula geared toward archi­
tectural education at a post-graduate level and that such programs be
 
accessible to the urban, suburban, as well as the rural practicing

professional.
 
Environmental Hazards
 
Roof-top collectors employing glass or plastics as a cover material
 
will be exposed to a number of natural hazards. These will include heavy
 
winds and rain, hailstones, flying debris, tornados and hurricanes, and
 
windblown sand. Certain portions of the country are more susceptible to
 
potential damage from such natural phenomena and design solutions (using

shutters, thicker glass, high density plastics) will have to be tailored
 
to each respective region. Cost factors resulting from such actions will
 
also create .impacts that must be evaluated.
 
Air pollution such as industrial fallout and dust will adversely
 
affect collectors by inhibiting-insolation through the collector cover.
 
Pollution can also be deleterious to the collector cover and may, in
 
extreme cases, require its replacement due to resulting reduced effi­
ciency.
 
Political Impacts
 
Considerable influence is exerted by private interest groups rela­
tive to the limited impact exerted by private citizens. Because of
 
their usually heavy financial support, such private interest groups tend
 
to exert considerable influence on policy determination through their
 
lobbying capability. Such special interest groups will be evident in
 
the development of new energy systems, such as solar, and the demands
 
and requirements of such groups will create significant impacts. Strong
 
political opposition would result should an energy industry develop
 
that attempts to limit or restrict the activities of these groups.
 
Among the myriad groups that have a direct effect upon energy policy
 
formulation are government and private utility companies, energy-producing
 
companies (Exxon, Consolidated Coal, etc.) heating, ventilating and air
 
conditioning equipment manufacturers and suppliers, energy producing states,
 
energy producing land owners, and pUblic and private conservation groups
 
(Sierra Club, etc.).
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Special interest group influence may be exerted at the local or
 
state governmental level, but most influence is exerted at the national
 
level.
 
A determining factor in the development of solar energy will be
 
the level of state and local support as affected by the local economic
 
base and the relative dependence upon revenues derived from fossil
 
fuels. An analysis of fossil fuel production by states, Figure G.3.2-4,
 
indicates that 26 of the 50 states produce significant levels of fossil
 
fuel production and that Texas, Louisiana, California, and West Virginia
 
are the only states which achieved in excess of 1,000,000,000 dollars
 
worth of fossil fuel production in1971, and only Kentucky, Oklahoma,
 
Pennslyvania, Wyoming, and New Mexico achieved production levels in excess
 
of 500,000,000 dollars.
 
It can be assumed that the political influences exerted by the 24
 
states that are energy dependent could be relatively strong in promoting

solar utilization not only among themselves but also among the 17 states
 
where fuel production may be large but not representative of a large
 
portion of the states' economy.
 
Generally favorable attitudes toward solar energy development have
 
been indicated by Congress and numerous bills have emerged from both
 
the House and the Senate. These bills reflect theincreasina aware­
ness and concern at the national level for developing solar as an alter­
nate energy source and resulted in the passage of PL. 93-409, the "Solar
 
Heating and Cooling Act of 1974". Such an action is indicative of the
 
potential effect of special interest groups and influence at the state
 
and local levels.
 
Social/Psychological Impacts
 
A key factor in determining social/psychological impacts will be the
 
resultant changes in life styles and in health and safety as a result of
 
implementing solar technology.
 
The advent of solar energy will actually permit the consumer to
 
maintain or increase his standard of living in a period when higher
 
fuel costs have resulted in a declining standard of living. Since
 
insufficient fossil fuel reserves exist to permit a continuously in­
creasing standard of living and since it is not politically expedient
 
to continually increase oil import levels, solar energy seems to offer
 
a viable alternative that is more attractive than other potential
 
sources (nuclear, coal) iith their attendant environmental problems.
 
.....> ...... .. ..
 
KEY 
GREATEH THAN
 
1o..00000.000 
500amw 
99,9999 
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4,500,000 
FIGURE G.3.2-4 TOTAL FOSSIL FUEL (PETROLEUM, NATURAL GAS, AND COAL 
PRODUCTION
 
[TERRASTAR-73]

IN DOLLAR AMOUNT INTHE UNITED STATES BY STATE, 1971 
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One impinging factor that may cause impacts in lifestyles centers
 
around the storage capability inherent insolar systems that may result
 
in energy availability which may, in turn, result inlower heating levels
 
at night or during inclement weather. An adjunct impact may be the need
 
to alter bathing habits during such periods.
 
Utility Companies
 
Solar energy systems could be either beneficial or detrimental to
 
energy producing companies. Should the utilities not participate, their
 
sales may decrease or increase at a slower rate. On the other hand, it
 
seems entirely likely that solar systems may require a supplementary
 
source to provide power during periods of inclement weather when solar
 
systems are not capable of maintaining adequate heating levels. Should
 
the utility company be required to provide adequate power capacity
 
to meet peak demands, capital investments may continue to increase while
 
sales decrease.
 
Another alternative that may significantly impact the utility
 
companies is rate structuring that would permit lower energy rates for
 
off-peak hours. Itmay be beneficial for consumers who utilize solar
 
systems to purchase low cost power at off-peak periods to "charge"
 
their storage system to assure adequate availability at all times.
 
Such an approach would be advantageous to the utility company in that
 
itwould permit "load leveling" or "peak shaving" that would result in
 
greater efficiencies in the operation of power production equipment.
 
Utility companies are understandably more receptive to solar-elec­
tric generating stations than to individual heating and cooling instal­
lations. Such a system is readily adaptable to integration into their
 
existing distribution system. The use of solar assisted heat pumps is
 
also appealing to utility companies since such a system would allow
 
the use of heat pumps essentially nationwide rather than only inareas
 
with relatively mild winters. Use of the heat pumps also allows solar
 
collector operating temperatures to be in the 1000 F range permitting
 
the use of less expensive collector units. The relative effectiveness
 
of reduced operating temperatures is reflected inTable G.3.2-11. It
 
is relatively obvious that the system requirements on the collector
 
are significantly reduced resulting in lower collector costs per unit
 
area.
 
It is entirely possible, when reliable solar hardware becomes
 
available, that utility companies will install, maintain, and operate
 
on-site solar systems in relatively large (district) complexes such
 
as shopping centers, hospitals, schools, etc.
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TABLE F.3.2-11 QUALITATIVE COMPARISON OF COLLECTOR REQUIREMENTS
 
FOR SOLAR HEATING AND COOLING APPLICATIONS [SPENCER-75J
 
SOLAR HEATING AND 
ABSORPTION AIR SOLAR-ASSISTED 
COLLECTOR REQUIREMENT CONDITIONING HEAT PUMP' 
Glazings 2 1
 
Absorber Material Copper, Aluminum Galvanized Steel,
 
Plastic
 
Absorber Coating, Selective Flat Black
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It is doubtful that utility companies will entertain such involve­
ment in the residential sector due to such factors as lack of control,
 
liability resulting from roof leaks and customer mobility. The econo­
mics of installing and maintaining numerous small units scattered through­
out a community would probably not be economically beneficial.
 
The possibility of utility companies providing off-peak rates for
 
auxiliary power to solar systems was previously discussed under "Social/
 
Psychological Impacts". The specific rate will be dependent upon the
 
operating characteristics of a particular utility. Ifthe use of auxi­
liary power for solar heating systems reduces the revenues of utilities
 
that peak during the summer without reducing the power availability
 
required to meet peak air conditioning demands, the result will be an
 
increase of the real costs of electricity regardless of the fact that
 
consumption levels have been reduced. If,on the other hand, the
 
utility peaks during the winter, the solar equipment may actually reduce
 
the cost of electricity.
 
Gas utilities maintain greater interest in solar energy systems
 
than do electric utilities. This is due to the fact that a major

portion of the gas utilities revenues is attributable to residential
 
space heating. In some areas of the country (Arizona), shortages in
 
gas availability have resulted in curtailments to industrial customers
 
who maintain a lower priority than residential customers. Gas utili­
ties view solar systems as a means to provide some relief to the
 
curtailments to industry.
 
Further evidence supporting the interest of utilities in solar
 
energy systems is reflected in the fact that the Electric Power Research
 
Institute, which is supported by the public utility companies and serves
 
as a research agency for the industry, has initiated a solar energy
 
research program.
 
Conclusions
 
This section has attempted to present an analysis of impacts resul­
ting from the institution of a specific action, i.e. "Implementing Solar
 
Energy Systems". Itis the purpose of this effort to demonstrate a method­
ological, holistic approach inassessing a particular action. Such a
 
comprehensive analysis permits insights into seemingly superficial or
 
impertinent factors that might be overlooked which may, in reality, have
 
significant repercussions. Such an holistic approach isadvocated in the
 
analysis of any action regardless of how insignificant potential impacts
 
may appear as the result of preliminary superficial evaluation..
 
Reference: lEGASTAR 74, TRW-Phase Zero Study
 
G-75
 
G.4 	RESIDENTIAL/COMMERCIAL -- REDUCE ENERGY USE IN LIGHTING IN COMMERCIAL 
SECTOR 
The following is a description of the use of a methodology in a
 
comprehensive evaluation of a conservation action. The methodology
 
utilizes components of both the systems approach and technology assess­
ment and serves only as one suggested guideline among a multitude that
 
could be used in the assessment.
 
Figure G.4-1 states the overall objective with a suggested set of
 
requirements necessary to meet that objective. Inorder to accomplish

the overall objective of reducing energy for lighting in the commercial
 
sector a number of related individual actions were identified and qual­
itatively assessed as to their overall potential.
 
Listed inTable G.4-1 are the general constraints and criteria
 
adopted by the Summer Research Faculty Group for use in the evaluation
 
of various actions. Applying the constraints to the specific action
 
requires a consideration of the political system and the extent that
 
policy, codes, ana standards may have to be changed in order to imple­
ment the action. Economic constraints relate to capital requirements

for redesign, for incorporating new technology, etc. Among other
 
things, social constraints relate to acceptance of building redesign
 
and lower lighting levels.
 
There are several criteria that deserve special consideration.
 
A reduction of lighting in the commercial sector will impact the peak

loading problem since load factors will be reduced, especially in dense
 
metropolitan areas where the potential for reducing consumption in com­
mercial building is very large. Ease and time of implementation are
 
certainly criteria against which the actions should be judged. Heavy

technological requirements or long time periods for retrofitting or
 
redesign could certainly deter from an otherwise favorable action.
 
In the systems approach, requirements for an objective in turn
 
become individual objectives in a sub-systems diagram with their own
 
set of requirements. For example, requirements for assessing the
 
present situation include developing an overview, comparing standards
 
and codes, and assessing efficiencies. The sub-system diagram for
 
this task is depicted in Figure G.4-1. Likewise, requirements for
 
sub-systems become objectives of sub-sub-systems diagram. Requirements

for developing an overview means a consideration of present lighting
 
usage in the residential/commercial sector, a comparison with total
 
allocated electricity, and a development of unit demands for lighting

compared to other appliances. Other requirements are necessary for
 
a determination of standards and codes, and a consideration of pre­
sent efficiencies. Some of these are depicted in FigureG.4-1 as
 
sub-sub-sytems.
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REQUIREMENTS 
OBJECTIVE " ASSESS PRESENT SITUATION 
REDUCE ENERGY USE IN LIGHTING_ 
IN COMMERCIAL SECTOR IDENTIFY INDIVIDUAL ACTIONS 
GRAM ASSESS POTENTIAL FOR SAVINGS 
" (REQUIREMENTS, IMPACTS, ETC.) 
MAIN SYSTEMS D)IAGOVEAME 
ASSESS PRESENT SITUATION STANDARDS AND CODES 
~PRESENT EFFICIENCIES 
SUBSSTESDIGRA ["LIGHTING USAGE COMPARED TO RES./CDM. 
DEVELOP AN OVERVIEW /LIGHTING USAGE COMPARED TO TOTAL ELECTRICAL 
ROLE OF IES 
~RECOMMENDED UNITS OF ILLUMINATION 
ASSESS PRESENT EFFICIENCIES ' COMPARISON OF LAMP EFFICIENCIES 
= MODERN OFFICE BLDGS., OES.FT 
FIGURE G.4-1. SYSTEMS AND SUBSYSTEMS DIAGRAM FOR LIGHTING
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TABLE G.4-1 GENERAL CONSTRAINTS AND CRITEPIA USED IN ECASTAR
 
CONSTRAINTS:
 
1. Political ex. Congressional lethargy
 
2. Economic ex. capital available, sunk costs (prior invest.)

3. Social ex. population growth rate
 
4. Must be technologically feasible ex. breeder technology

5. Available (but quantity unknown) resources ex. oil, manpower, etc.
 
6. Natural physical law ex. 1st and 2nd laws.
 
CRITERIA: Will the proposal ......
 
1. Reduce dependence on non-domestic energy?
 
2. Have minimum or desirable environmental impact?
 
3. Have severe institutional impact?

4. Economic-feasible? And intime frame under consideration?
 
5. Social-feasible? (time frame
 
6. Increase energy supply?
 
7. Reduce energy demand?
 
8. Political-feasible? (time frame)
 
9. Ease of implementation?
 
10. Impose hazards to human life or health?
 
11. Affect the energy supply mix?
 
12. Does the proposal improve the demand peaking problem?
 
13. Will the proposal reduce dependence on scarce fuels?
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In order to assess projections of energy use for lighting, one
 
must consider data from studies such as the Westinghouse Energy Utiliz­
ation project, Project Independence, and National Petroleum Council.
 
(see Figure G.4-2.)
 
The next step in the process was to identify individual actions
 
under the heading of the general action. One means of accomplishing
 
this task was to make use of a variety of information sources -­
seminar speakers, reports (Project Independence, National Petroleum
 
Council), think tank ideas, group interaction, etc. (see Figure G.4-3.)
 
From the various sources a number of actions were identified.
 
These are listed in TableG.4-2 along with potential savings,
 
ease of implementation, requirements, impacts, etc. Inmany cases, it
 
was not possible to determine or document exact numbers, but the matrix
 
serves as an example of a qualitative assessment of a number of individual
 
actions.
 
It is obvious from a cursory examination of a number of the actions
 
that large potential savings can be accomplished by mandating government
 
standards for lighting in all new and existing commercial structures.
 
Project Independence predicted significant savings based on programs
 
conducted by the General Services Administration. For this reason,
 
and because of time constraints within the Summer Faculty Program,
 
the major action of mandating government standards for lighting in
 
commercial buildings were compared with two parallel actions -- Utiliz­
ation of effective switching systems to reduce lighting requirements
 
in the commercial sector and a redesign of building interiors and ex­
teriors to maximize sunlight penetration from natural lighting (see
 
Figure G.4-4.).
 
In order to assess the three chosen alternatives for reducing
 
energy due to lighting in the commercial sector, itwas necessary to
 
filter the actions through a criteria evaluation matrix in order to
 
determine requirements and impacts. Major constraints were time frame
 
-- itwas deemed necessary to consider the potential for immediate
 
savings -- and cost of implementation. Table 6.4-3 illustrates a
 
qualitative evaluation of the three actions through the previous eval­
uation matrix used by the residential and commercial sector to filter
 
all actions. Inassessing the three alternative actions as to their
 
overall potential for maximum savings in the near time period, the
 
following considerations are noted:
 
Effective switching requires insome cases substantial retro­
fitting and subsequent manpower requirements;
 
Switches at strategically located places may not be properly used
 
-- especially if incentives are not provided.
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REQUIREMENTS 
WESTINGHOUSE (EUP)OBJECTIVE 
PATTERNS 1_ PROJECTINDEPENDENCESASSESS PROJECTEDOUSE 
NATIONAL PETROLEUM COUNCIL 
FIGURE G.4-2. SUB-SYSTEMS DIAGRAM FOR ASSESSING PROJECTED USE PATTERNS
 
ACTIONS 
~~IDEAS FROM SPEAKERS [ 
' IDENTIFY INDIVIDUAL ACTIONS 
[

~~THINK TANK IOEAS 
GROUP INTERACTION 
FIGURE G.4-3. SUB-SYSTEMS DIAGRAM FOR IDENTIFYING INDIVIDUAL ACTIONS
 
WNAL PAx 
Possible Conservation 

Actions Related to 

Reduced Lighting 

Plan spaces so that
 
similar task areas 

are grouped or stack-

ed 

Utilize effective
 
switching systems
 
- manual switches at
 
properly located
 
places
 
- photocell switches
 
to integrate natural
 
and artificial light
 
ing
 
- photocell to save
 
lighting inexterior 

areas, parking lots, 

etc. 

- low voltage switches
 
- time clock switches
 
- with manual override
 
- timed devices for
 
bathrooms, corridors
 
etc.
 
- security lighting

with Intruder detec­
tor switches
 
- motion detection
 
switches to activate
 
lighting instairway;,
 
stockrooms, etc.
 
Redesign buildings 

interior and exterior 

to maximize sunlight

penetration (natural 

lighting)

Examples --
- add light reflective 
interior surfaces to 

Potential 

Savings 

Small 

Medium 

Small to 

Medium 

TABLE G.A-2. REDUCED LIGHTING 
CONSERVATION ACTIONS 
I-Very Easy, to 
IPV-iVery. Di ffiauI 
Ease of 
Implementation Requirements forAction Impacts 
co 
Category Time of 
11,IlI, IV Frame Capital Material Manpower Action 
III Near Small to Small to Small to -Impact on wiring systems,
 
Medium Medium Medium plumbing needs, etc.
 
-Relativity of costs of planning
 
and redesigning
 
Rpnuires some advances intech-

II Near Small to Small to Small to nology, capital to implement, and
 
41985 Medium Medium Medium time for development
 
Psychological adjustment to dark 
III 
IV 
to Near 
to Mi 
Signi-
ficant 
capital
for re-
Medium Medium 
depends needed 
on extent inre-
of re- design-
corridors, etc. 
-changing of codes and stds. 
-must consider time of day and 
year, size and location of bldgs.
and sky lights, ratio of inter­
design design ing re-
tooling 
ior and perimeter areas, position 
shape, and' color of interior 
Possible Conservation 

Actions Related to 

Reduced Lighting 

increase efficiency 

of natural lightinq 
- add reflective win-
dow sills 

Mandate government 

standards for light-

ing in all new and ex- 

isting commercial 

structures ­
(50-30-10 footcandle 

standard) 

Design fixtures to cut
 
glare and reflections 

Position lighting fix- 

tures for maximum use-

fulness 

- use perimeter lumin-
aires instead of con 
tinous strips 
- place lighting fix-
tures between, desks 
instead of over 
- place high intensity 
lights away from a 
task and conventi ona 
lights near 
- place lighting on 
si'de to reduce 
ceiling reflection 
I-Very Easy, to 

IV-Very Difficull 

Potential Ease of
 
Savings Implementation 

Category 

Z, II, rII, IV 

2.7 trillion 

BTU's 1974 

saved in 

government 

buildings 

Total 50% or 

.65 quad for 

all commercial 

buildings 

Low II 

Low' II 
0 

Time 

Frame 

Near 

Term 

Near 

Near 
TABLE.G.4-2.
 
(cont'd)
 
Requirements for
 
Action 

Capital Material Manpower 

and 

imple-

menting 

estimated 

at $25-50 

million/ 

yr. for 

adm. and 

compli- Small Small 

ance 

costs 

Small to Small Small 

Medium 

Small Small Small 

Impacts

of 
Action
 
partitions, floors and ceilings­
furnishings.
 
-impact of change on esthetics,
 
HVAC, wiring, plumbing, mobility,
 
etc.
 
Policy would require legislation
 
and/or regulation
 
-reduction in sales by bulb and
 
lighting equipment manufacturers
 
-higher increase in crime
 
-impact on heating and cooling
 
systems and practices
 
-impact on wiring industry
 
changes in manpower, materials
 
capital reouirementsj etc.
 
-impact on utility load
 
load factor
 
-impact on wet or dry heat of
 
light systems
 
-cost of redesign
 
-cost of replacement

-esthetics of redesigned fixture
 
-impacts on future availtbility
 
to clients
 
-impact on ceiling heights,
 
building volume, and climate
 
control systems
 
-impact on cooling load
 
-affect on artificial lighting
 
requirements
 
-effect of more windows on heat
 
transmission and infiltration
 
-demands on air conditioning due
 
to direct solar heat gains
 
-impact of glare controls, inter­
ior or exterior shade systems, 0o
 
additional wiring and/or con­
trols, system to integrate
 
I-Very Easy, to TABLE . G.4-.2. C 
Possible Conservation Potential 
IV-Very Difficuli 
Ease of 
(cont'd) r 
Actions Related to 
Reduced Lighting 
Savings Implementation Requirements for 
Action Impacts 
Category
1',II,IIl, IV 
Time 
Frame Capital Material Manpower Of' Action 
artificial and natural light 
sources. 
Educate people on gen- Low (potential 
-manpower needed ineducation 
eral housekeeping, use 
of new devices, etc. 
great but actua 1process 
achievable may II 
be very small) 
Near Small Small Small -success depends on ability to 
motivate to save, and external 
incentives such 
utility bills 
as higher 
Schedule custodial 
work during normal 
working hours in comm-
ercial buildings 
Use year-round day-
Low II Near Small Small Small 
-hindrance to daytime workers 
-certain tasks impossible during 
day 
-questionable as to extent of 
light savings time to 
qoordinate daylight 
and working hours 
Low II Near Small Small Small 
savings 
-significant social change 
-safety factors (school children) 
more closely 
$Utilize concept of ESI 
(Equivalent sphere 
illumination or glare-
-code change 
free-foot-candle as a 
standard of measure-
Small to Mid I Near Small Small Small -retooling of architect, con­
struction, engineer, etc. 
ment for lighting re­
qui renents 
________________ ___________________ 
Improve light output 
by effective clean­
ing of luminaries, Small I Near Small Small Small -maintenance requirement 
and replacing de­preciated lamps
Arrange lighting pro­
grams for entire Small to Mid I to II Near Small Small Small icost of programming 
facilities to match 
business activities 
M RUALTERNATIVES 
REQUIREMENTS 
-
I 
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TABLE G.4-3. CONSERVATION ACTION EVALUATIbN MATRIX 
S+Y -positive or favorable 
AVAILABILITY 
T IMPACTS 
--
NS negative or unfavorable 
H -High 
.j _J M -MediumL -Low 
CONSERVATIONZ I - ': 5 :E 
I +H Highly favorable (requirements
available, positive impacts) 
ACTION 0
" 
-2 C >= 1 COMMENT 
(1) Reduce energy by mandatory 
government standards for 4H +H +H +H +H +L -L +M +H +H 
The action evaluation matrix 
serves as a means of comparing 
lightin9 in the commercial the three actions. Action one 
sector (new and existing) has fewer manpower, capital, and 
materials requirements in compar­
ison with the other two actions. 
Action three would have signifi­
cantly high requirements for imple­
mentation. Mandating standards 
could have very unfavorable politi­
(2) Utilize effective switchin 
systems to redu6e lighting +M +L +L +L +M +L +H +M +H +M 
cal impacts in terms of requiring 
standard and code changes and 
requirements in the commer inviting strong resistance from­
cial sector the lighting and fixture industry. 
There would also be decided and 
unpredictable social impacts as 
workers adjust to lower lighting
levels. The high overall feasi­
bilit of action one is based on 
(3) Redesign building interior high potential savings, ease of 
and exterior to maximize 
sunlight penetration from 
+L -L -M -L -L ? +M +L +M -L implementation, low requirements, 
and relatively favorable impacts. 
natural lighting 
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Total savings from utilizing effective svitdhing would not
 
eoual that of mandating the 50-30-10 footcandle standard.
 
The action actually serves as one means of accomplishing this
 
standard.
 
A redesign of building interior and exterior to maximize
 
sunlight penetration may recuire extensive changing of codes
 
and standards, significant impacts of natural sunlight on
 
cooling loads, high materials requirements for redesign,
 
considerations of glare controls, interior or exterior shade
 
systems, additional wiring, and systems to integrate arti­
ficial and natural light sources.
 
A redesign of buildings to effectively use natural lighting

would serve as one means of meeting the 50-30-10 footcandle
 
standard. It should be kept inmind, however, that an
 
improper utilization of natural lighting could impose a
 
heavy load on HVAC systems and result in a greater energy
 
requirement for the building.
 
The following are major points in the analysis of the action of
 
mandating the 50-30-10 footcandle standard for the purpose of reducing

lighting in all new and existing commercial buildings. (See section
 
7.5.3) 
The Federal Energy Management Program, of which "delamping" or
 
reducing lighting levels was the major emphasis, saved an esti­
mated 2.7 trillion BTU's or $760 million infuel costs in fiscal
 
year 1974.
 
Total savings after the establishment of mandatory federal
 
standards, including federal monitoring and compliance

mechanisms, would save an estimated .65Li.4 quads per year

by 1980 -- 90 percent of which would be realized the first
 
year.
 
Only small capital requirements are required by the commer­
cial sector for implementation. However, an estimated $25
 
to $50 million per year would be spent at the federal, state,
 
and local levels for compliance costs. Manpower and material
 
requirements for the action would be small.
 
The action would result insome reduction of sales by bulb
 
and lighting equipment manufacturers with a subsequent higher
 
unemployment rate for these manufacturers.
 
Since the action would require federal, state, and local
 
legislation and/or regulation, there would be a need for
 
enforcement personnel and additional maintenance people
 
to implement the program.
 
Major considerations that complicate enforcement are: (1)

control of lighting varies widely, depending on such factors
 
as building ownership, management, and occupancy, (2)some
 
new office buildings are designed with only one master bteaker
 
per floor or less -- restricting the ability to turn off
 
lights inoffices not used and (3)many offices are open
 
for work on weekends and cleaning at night.
 
Reduced night-lighting could cause a higher incidence of
 
crime and vandalism in some areas, resulting in increased
 
expenditures for repair and increased security personnel.
 
One distinct advantage in reduced lighting would be the
 
savings resulting from the subsequent decreased energy con­
sumption due to the lessened demand for air conditioning.
 
Reduced lighting would have a significant effect on utility
 
load factors, especially in large metropolitan areas,.
 
In any action, there are unfavorable impacts and requirements
 
that must be weighed against potential savings, time to implement
 
action, etc. This is certainly true of the mandated 50-30-10
 
footcandle standard. Overall, however, this action is extremely favor­
able because it provides significant savings within a short time frame
 
and with a minimum of requirements and negative impacts. In a trade­
off with the other two actions the mandated 50-30-10 footcandle standard
 
does not have the substantial capital, manpower, and material require­
ments that are necessary to redesign buildings. Neither does it require
 
the long lead period that may be necessary to develop and/or incorporate
 
the sophisticated switching systems used in the other action.
 
The following section is a summary of some background data used
 
in evaluating the various actions.
 
Present Situation
 
Project Independence [PI-74-I] presents the following data that is
 
relevant to an assessment of the action:
 
Residential and commercial sector accounts for 32% of all
 
energy consumption (18.1 quads in 1972).
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Space heating -- 57%
 
Operational equipment -- 33%
 
Lighting -- 10% (1.8 quads)
 
Commercial consumption for lighting -- 73% or 1.3 quads
 
Assumed achievable savinos in commercial -- 50%
 
In low-rise buildings without elevators, lighting can consume
 
60% of the supplied electrical power. In hot weather, lighting systems
 
account for one-fourth to two-thirds of the cooling load in a typical
 
office-building. The enormous amount of electricity consumed by light­
ing fixtures isevident in the following example, cited in the report
 
of the ad hoc Committee on Energy in Large Buildings to the Inter­
departmental Fuel and Energy Committee'of the state of New York: "In
 
1970, the electrical utilities in this country consumed energy equiva­
lent to 8.14 million barrels of oil daily, or enough to fill four 500,000­
ton supertankers. By 1985, utilities will use the equivalent of 23.58
 
million barrels daily at the present growth rates, or 10 supertankers.
 
In 1975, 25 percent of this total electrical output was used for light­
ing systems. By 1985, this figure could grow to the equivalent of 5.985
 
million barrels of petroleum daily, or three supertankers every day
 
for lighting alone."
 
Lighting Standards and Codes
 
Lighting in the United States is usually measured in footcandles,
 
a gross measure of brightness that does not accurately indicate usable
 
light levels. A person in a bright room may still be unable to perform
 
his or her tasks because of surface reflections which effect a white
 
veil between the viewer's eye and the task. When there is a complaint
 
about insufficient lighting in a room, it often means that reflections
 
or glare make work difficult and not that the overall room istoo dark.
 
In the past, the Illuminating Engineering Society (IES) has responded
 
to such complaints by raising recommended footcandle levels. As a
 
result some suggested lighting levels have more than doubled in the last
 
30 years. With lamps of equal efficiencies, this has doubled energy con­
sumption. As shown inTable G.4-4, present recommended lighting levels
 
are compared with those presented in IES's first handbook edition in
 
1947.
 
Foreign lighting standards historically have been somewhat lower
 
than domestic standards, although there is a trend in most countries
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TABLE G.4-4. RECOMMENDED LEVELS OF ILLUMINATION, BY SELECTED TASKS [PI-74]
 
(foot candles)
 
Industrial Safety
 
I.E.S. Lighting Handbooks 'Handbook (British)
 
Task 1947 1952 1959 1966 1972 1969
 
Conferring, Reading High
 
Contrast Material 30 10 30 30 30 20
 
Reading or Transcribing
 
Handwriting, Good Con­
trast 30 -- 70 70 70 
General Office Work,
 
Reading Good Reproduc­
tions 50 30 100 100 100 50
 
Bookkeeping 50 50 150 150 150
 
Drafting .. .. 200 200 200 75
 
Corridors, Stairways 10 5 -- 20 20, 10 
Arthur D. Little, Inc.
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toward higher levels. For comparison., Table G.4-4 shows current British
 
recommendations for office lighting.
 
The IES recommendations should not be confused with a mandatory
 
code, nor do they necessarily indicate the present lighting levels
 
inbuildings. Nevertheless, architects and engineers generally follow
 
the guidelines set by IES.
 
It appears that in the United States the lighting level selected
 
isthe one recommended for the most difficult expected task and the
 
general illumination is then brought up to that particular level. This
 
approach undoubtedly has accounted for the high lighting demands in
 
commercial construction.
 
Indications from the design professions indicate that closer
 
scrutiny isbeing given to the use of IES recommendations for energy
 
conservation. It appears to be more practical to provide general
 
illumination compatible with general activity, and to supplement local
 
lighting as needed. Whether this and other energy-oriented trends will
 
be promulgated by IES is a point of conjecture; however, there appears
 
to be a trend toward an overall lowering (and certainly a plateauing)
 
of lighting levels within new construction.
 
Present Efficiencies
 
Source (lamp) efficiency is directly related to the lumens pro­
duced per watt of power input. The lumens per watt ratings of standard
 
artificial light sources are:
 
Light source Lumens/watt
 
Incandescent 17 to 22
 
Mercury 56 to 63
 
Flourescent 67 to 83
 
Metal halide 85 to 100
 
High-pressure sodium 105 to 130
 
Energy conservation standards for building lighting are being
 
written in terms of installed power per square foot of building floor
 
area. Modern office buildings typically install 2.5 to 5 W /ft2 ,
 
whereas the new "1974 General Services Administration Public Serxice
 
Building Energy Conservation Guidelines" recomnends 1 to 2 We/ftC
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and the energy-conserving Federal Office Building in Manchester, New
 
Hampshire, actually uses 0.7 We/ft2.
 
The efficiency with which light is conveyed to any horizontal
 
surface, as opposed to being absorbed on fixtures and walls, can be
 
estimated. A building equipped with 2.5 We/ft2 in the form of 40-W
 
fluorescent bulbs will emil 197 Im per ft2 of floor area, at least
 double the 80 to 100 Im/ft figure quoted. Thus about half of the
 lumens don't find their way down, either directly or via reflections.
 
Projected Use Patterns
 
Project Independence (Figures G.4-5 and G.4 6) compares

lighting requirements in residential and commercial sector with other
 
end use demands through the year 1990.
 
National Petroleum Council -- The National Petroleum Council
 
study projects that reducing lighting levels in the commercial sector
 
has a total potential savings of .292 quads in 1978, but only an assumed
 
achievable of .096. In light of recent programs conducted by the General
 
Services Administration, this figure appears to be extremely low. The
 
potential for savings by reducing lighting in the commercial sector
 
is extremely large ifthe action is mandated.
 
Westinghouse 
-- The Energy Utilization Project -- lists projections
 
on lighting requirements through the year 2000 inthe residential
 
sector. In their base case projections for the commercial sector',
 
lighting requirements increase from a 1972 level of .560 quads to
 
.864 in 1985 and 1.352 quads in the year 2000.
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G.5 	RESIDENTIAL/COMMERCIAL REDUCED CONSUMPTION AND INCREASED EFFICIENCY OF
 
RESIDENTIAL HOT WATER SYSTEMS
 
In 1970, 1.7 quads or 15% of the residential energy consumption was
 
used 	for hot water heating. Under the assumption of no major technological,

price, or governmental policy change, consumption for 1985 is projected to
 
be 2.3 quads [PI-74-1]. It isfelt that these magnitudes warrant actions
 
to reduce them.
 
G.5.1 REDUCE USE OF HOT WATER
 
The analyses of three significant actions are presented below as
 
examples. They are: reduce use of hot water, reduce storage temperature,

and increase storage insulation. Determination of the cuantitative values
 
are given inAppendix G.5.6 through G.5.10.
 
A large quantity of heat energy is required to raise the temperature

of water from the pipeline value to the 160 0F, typical for hot water heaters.
 
By reducing the amount of hot water used, this energy is saved. For each
 
gallon of reduced usage of hot water, approximately 750 BTU's are conserved;
 
because of present day inefficiencies, this value translates back to between
 
1500 	and 2200 BTU's of fuel. Quantities of hot water may be saved by short­
er duration showers or by using water for baths from the hot water faucet
 
only, until the desired temperature is achieved, and to maintain it. A
 
second family member subsequently using the same water or bathing small
 
children together approximately halves the water and energy used.
 
By reducing the tub level one inch (considered half hot, half cold)

for each family unit of four taking an everage of two baths per week, the
 
annual savings would be about seven dollars per year. It is recognized

that for larger families and/or members taking a greater number of baths
 
the saving will be proportionally greater. This savings and the potentials

for energy and dollars, projected to national levels for 1972 and 1985;
 
are given inTable G.5-1.
 
Realization of the potentials given in Table G.5-1 would require 100%
 
participation of all family units. The expected cooperation of the units
 
have 	been studies [NPC-741 for various communication levels used by

the program. The achievable potentials (inpercent) are presented in
 
Table G.5.-2. The projections are also given for actions discussed below.
 
By using cold water detergents, the energy used to heat the water
 
is saved. For a family averaging three loads per week, the savings

would be twelve dollars per year, compared to that using the warm cycle.

Ifthe hot cycle had been used, the saving is doubled. The projected

national savings, compared with preyious use of the warm cycle, is
 
TABLE G.5-I.FAMILY AND NATIONAL POTENTIAL SAVINGS FOR CONSERVATION ACTIONS
 
IN RESIDENTIAL HOT WATER SYSTEMS
 
Potentials Dollars saved National per National C~nser- Improved Balance of
 
each year by annum Conser- vation (I0 bbl/ Payments (if imported)
 
Conservation Actions family unit vation (Quads) da if produce by in u$" billions
 
for Residential Hot oil).
 
Water Systems
 
Reduced tub water 1970 6.00 .13 62 .27
 
level one inch or 1985 .17 81 .35
 
equiv. for shower
 
Use Cold Water
 
Detergents. 1970 92.00 .29 138 .59
 
1985 .38 174 .77
 
Replace washer in
 
leaking hot water
 
faucet (est. two
 
per family unit. 1970 5.00 .08 20 .09
 
1985 .10 26 .12
 
'Reduce hot water
 
systems thermostat
 
to: 140 F (w/dish- 1970 14.00 .33 160 .68
 
washer) 1985 .43 210 .89
 
120 F (No/dish- 1970 16.00 .36 174 .75
 
washer) 1985 .47 228 .98
 
120 F (dish­
washer
 
set for 1970 22.00 .51 247 1.00
 
40) 1985 .67 323 1.31
 
Enclose Entire Hot
 
Water storage tank
 
with three inches of 1970 12.00 .29 140 .76
 
(taped on) insulation 1985 .38 183 .99
 
TOTALS (for 140 F 1970 49.00 1.12 531 3.14
 
Thermostat, using 1985 1.47 695 4.11
 
dishwasher once a day)
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TABLE G.5-2. EXISTING RESIDENCES-ACHIEVABLE (IN FIVE YEARS)
 
CONSERVATION POTENTIALS (PERCENT PER YEAR OF TOTAL
 
POTENTIAL) [NPC-74J
 
CONSERVATION COMMUNICATION YEAR OF PROGRAM 
ACTION LEVEL 1 2 3 4 5 
Reduce bath low 2 3 4 5 6 
water used med 3 5 6 7 8 
high 5 7 8 9 10 
Use cold water 
detergent low 10 25 50 70 80* 
med 20 40 70 80 80 
high 30 50 80 80 80 
Set water heaters low 4 8 12 16 24 
thermostats med 7 14 21 .28 35' 
high 8 18 27 36 43* 
*Max. assumed achievable. ­
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also. given in Table G.5-1. It is felt that public acceptance of this
 
practice will readily come via normal commercial advertisements. Estimates
 
are given in Table G.5-2. Although the dollar cost of cold water
 
detergents is comparable to the other types, itcould be that the energy
 
cost (intheir production) could,, on a national level, diminish or even
 
cancel the net energy savings (cf. Section 3.4).
 
Hot water faucets are usually the ones that drip. This is true
 
for two reasons: 1) the faucet seat contracts on cooling (after the
 
water is shut off); 2) the washers degrade faster because of the elevated
 
temperature. A typically small leak (e.g., one-half cup in one hour)
 
wastes 200 thousand BTU's per year at a cost of about two and one-half
 
dollars to the family for each leaky hot -water faucet. The savings for
 
an estimated two per family unit, with projections, are shown in
 
Table G.5-1l The percents achievable for the first five years of a
 
national program are given in Table G.5-2.
 
G.5.2 REDUCE STORAGE TEMPERATURE
 
By reducing* the thermostat setting on hot water storage tanks
 
from 160°F (typical value set at factories) to 140°F, energy is saved
 
by reducing the heat lost through the tanks' insulation. In dollars
 
the savings is approximately eight dollars per year.
 
Less energy is required to raise water to 140°F than 1600F. For
 
a dishwasher, if used once a day, the energy saving in dollars is about
 
six dollars per year. For other uses, such as a bath or clothes wash,
 
more of the 140'F water is required, when mixed with the cold, to achieve
 
a desired water temperature, so there is no net energy saved.
 
If the water is not needed for a dishwasher, or if the.dishwasher
 
has a booster set for 1400F, the hot water system thermostat can be
 
set for 120OF * This second 200 reduction again reduces the heat loss
 
through insulation, and the total family savings is sixteen dollars
 
per year. For families using dishwashers with boosters set at 140°F
 
versus the originally 160'F water coming straight from the residential
 
hot water system, an additional six dollars (as discussed in the preceding

paragraph) are saved, fora total of twenty-two per year. The dollars
 
and BTU's savings for the thermostat settings are given inTable G.5-1.
 
Achievability estimates are given in Table G.5-2.
 
* There are two thermostats on electric hot water tanks; each is
 
accessible by removing plates secured by screws. The thermostats are
 
usually covered-by insulation (e.g., fiberglass). To avoid exposure
 
to bare electrical wires, push this insulation aside with a plastic

instrument or wooden stick.
 
** Even if the water is used for a dishwasher, which typically requires

about 12 gallons of water straight from the hot water tank, for tanks of
 
capacity 40 gallons or more, the lower thermostat can be set at 120°F giving
 
about one-half the gain.
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G.5.3 INCREASE STORAGE INSULATION
 
Because of first cost (selling price) competition, only the best
 
hot water heaters have as much as two inches of insulation (e.g., as
 
fiberglass). By adding to the outside three inches of insulation (R-I)
 
batting, carefully taped on so as to completely enclose the hotwater
 
storage unit, there is a great.reduction inthe heat loss through the
 
increased, total insulation. For tanks set at 1600F, the energy savings
 
are almost two million BTU's per year. For a tank set for 1400F, the
 
family's annual savings would be twelve dollars per year. The summary
 
for this action is also presented inTable G.5-1. A fifty gallon

tank has been considered in each case; its area isless than 30 sq. ft.,
 
including top and bottom; three inch insulation costs about four dollars.
 
It can be secured using wide masking tape.
 
G.5.4 IMPACTS
 
Lower hot water temperatures reduce the probability and seriousness
 
of a child's being burned. Water temperatures of 1400F and the bactericidal
 
action of dish washer detergents are adequate for removal of oathogenic

bacteria ifthe dishes are not allowed to sit before rinsing [Johnson-75].

There has been insufficient study to insure safety at lower temperatures.
 
Adding insulation to the hot water tank is the only action presented

which has material requirements. If all the tanks inthe approximated
 
70 million family units (1972) were insulated using 30 sq. ft. each,
 
approximately 2 trillion sq. ft. of insulation would be required. If
 
this was accomplished over 5 years, the 0.4 trillion required each year

would have minimal effect on the supply now furnishing approximately

10 trillion sq. ft. for new houses.
 
The largest saving results from improved storage tank insulation;
 
this means the storage tank cools much slower, and the system would
 
require little power during the daytime. This is reasoned because
 
hot water drawn for dishwashers at night and bathing later would be
 
reheated during the night. Thus, for electrical systems, the actions
 
would improve the utilities load factor while conserving energy.
 
G.5.5 ASSUMPTIONS
 
The typical family unit isconsidered to have a 50 gallon hot water heater;
 
from estimates of a 1.5 ft. diameter and a 4 ft. height, the outside area was
 
cal'culated to be 27 sq. ft. Inlet water temperature was conservatively taken
 
as 70'F; the actions would effect greater savings for a lower value.
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The typical family size is taken as having four members, the 1970 re­
sidential inventory as 68 million, the 1985 as 89 million fPT-74.
 
Dollar savings were determined assuming an electrical hot water heater,
 
75 percent efficient, and electrical cost of $.03 per kWh. The overall
 
efficiency of electrical systems is taken at 33 1/3 percent, such that the
 
ratio of BTU fuel in to BTU's delivered to the consumer is 3.
 
The heat value of a barrel of oil is assumed to be 5.8 million BTU's,
 
and if imported, the cost is 12 dollars per barrel (1972 stat.)..
 
G.5.6 ENERGY SAVED BY-REDUCED WATER LEVEL IN BATH
 
For a tub 4' x 1.5', area = 6 sq.-ft., each 2 inches of water depth is
 
one cubic foot or approximately 8 gallons of water. Thus a reduction in
 
water level of one inch is equivalent to 4 gallons or approximately 2 gallons
 
of hot water (e.g. 140OF mixed with water from a 70' F pipe line).
 
Energy'saved = 2 gal. x 8.3 lbs. X (140 - 70) x 1 BTU 
gal lbs. 
= 2 	gal x 581 BTU = 1162 BTU/bath 
bath gal 
1162 BTU's x 4 persons x 2 baths x 52 wks. = 
ba-th family person/wk year 
0.5 	million BTU's
 
year-family
 
Dollar savings per family
 
0.5 	X 106 BTU/family X $.03/kw Hr. = $6.00/yr.
 
3412 BTU/kw.hr. .75 (heater eff.)
 
In 1972:
 
0.5 Million BTU's X 68 million families = 34 trillion BTU's
 
yr./family
 
Considering that the overall electrical system to residence is 33" efficient*
 
34 X 3 = 130 trillion BTU's/yr- or 0.13 Quads of fuel per yr.
 
.75 (heater-eff)
 
1015 BTU/Quad/yr. 	 = 473,500 bbl's/da/Quad/yr. 
5.8 	X lOb BTU/bbl X 365 das/yr.
 
or .13 X 473,500 = 62 thous bbl/da.
 
* 	Please refer to assumptions, G.5.5.
 
G-98 
Considering oil at $12 per bbl (ifimported),
 
1015 BTU's/Quad/yr. X $12/bb] = 2.07 Billion dollars/Quad/yr.
 
5.8 X 100 BTU's/bbl
 
or 2.07 X .13 = .27 Billion dollars/yr.
 
G.5.7 	ENERGY SAVED BY USING COLD WATER DETERGENTS
 
A typical automatic clothes washer used approximately 25 gallons of
 
hot water on the hot cycle, 12 on the warm. To be conservative the latter
 
is used, and three loads per week per family.
 
From the 581 BTU's/gal. compared with the warm cycle,
 
Energy saved = 581 BTU/qal.X 12 gal X 3 loads X 52 wks
 
.75 htr eff. load wk./family yr.
 
= 1.45 million BTU/family
 
Dollars saved (elec. supply.)
 
1.45 X 106 BTU X $.03/kw hr. = $12.75/yr.
 
3412 BTU/kw hr.
 
National savings, BTU's of fuel (based on '72 stat.)
 
1.45 	X 106 BTU X 3* X 68 X 106 family units
 
= .296 X 1015 BTU or .29 Quads.
 
The bbl's/da and balance of trade dollars given in Table G.5-1 can be
 
readily determined using the relations between them and quads as developed
 
in Section G.5.6.
 
G.5.8 ENERGY SAVED BY REPLACING WASHERS
 
Typical small leak: one-half cup per hour.
 
Energy saved = 1/2 cup X 80z X 1 X 581 BTU X 8760 Hrs
 
hr. cup -2 oz/gal .75 (eff) -f yr.
 
= 213 X 103 BTU's/yr.-

For two faucets per family
 
over 400,000 BTU's/yr.
 
The other data for Table G.5.1 can be determined by using the factors
 
developed earlier.
 
* Please refer to assumptions, G.5.5.
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G.5.9 	REDUCE THERMOSTAT
 
Consider a 50 gal. tank and thus approximately a total area of 27
 
sq. ft., also conservatively 2 inches insulation R=7; first calculate the
 
heat loss for T = 1600 F, and an ambient temperature of 700 F,
 
Hloss = 160 -70 X 27 X 8760 hrs
 
R=7 yr­
= 3 million BTU's/yr.
 
=
For T 140 F 
Hsav = 3 X 106 BTU's ( 1 - 140-70 ) 
yr 160-70 
= 670,000 BTU/yr. 
Since dishwashers use only hot water (approx. 12 gals. each day) the
 
200 reduction effects a saving in less energy to the water.
 
H saved per gal = 20 F X 8.3 lbs. X l BTU
 
gal-. T-F 
= 166 BTU/gal.
 
Total dishwasher savings per year, one load per day,
 
Hsav = 	166- BTU/gal X 12 gal X 365 Days
 
.75 (eff) da yr.
 
= 970,000 BTU/yr.
 
Total savings:
 
670,000 - reduced loss through insul.
 
970,000 - reduced energy to water
 
1,640,000 BTU/yr.
 
Again the other data inthe table are readily determined using the
 
factor developed earlier.
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G.5.10 ADDED INSULATION TO HOT WATER STORAGE TANK
 
In the preceding section itwas determined that the heat loss with
 
two inches insulation (R=7) was three million BTU's per year for T=1600 F;
 
T=140 F gives a 670,000 BTU's per year saving. Thus at T=1400F, the loss
 
through the insulation is 2,330 thousand BTU's per year.
 
By adding three inches insulation (taped on outside the tank's metal
 
cover), the total insulation gives R=17. The new heat loss is,for T = 140'F.
 
Hloss = 2,330,000 X 7
 
T7
 
= 1 million BTU/yr.
 
1 saved:
 
2.33 X 1O6 

- 106 = 1.33 X 106 BTU
 
yr.
 
As calculated in earlier sections, this saviIng results in a twelve
 
dollar reduction in the electrical utility bill (calculated on 3 cents
 
per kw hr.).
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APPENDIX H. ECASTAR ENERGY INPUT-OUTPUT MODEL 
The ECASTAR energy input-output model was constructed by aggregating

the input-output model published'in the 1974 issue of the Survey of Current
 
Business. The transactions' matrix is reprinted in this Appendix, Table H-i.
 
Table H-2 identifies how the aggregation was accomplished. Transactions
 
for electric utilities, gas utilities, and water and sanitary services
 
were obtained from BLS Bulletin #1831.
 
Direct energy transactions for coal, crude, refined petroleum,

electric and gas were obtained from (CAC-75). Using this data, BTU's
 
per unit of total output were computed for all 30 groups. BTU's were
 
distributed through the transactions' matrix by multiplying an industry's

sales by its BTU per dollar output ratio. The direct and total require­
ments' matrices were computed in a similar manner.
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TABLE H-2
 
ECASTAR INDUSTRY GROUP COMMERCE DEPARTMENT INDUSTRY NO. 
1 1,2,3,4

2 5,6
 
3 7
 
4 8
 
5 9,10

6 11,12
 
7 13
 
8 14,15
 
9 16,17,18,19

10 20,21-,22,2311 24,25,26
 
12 27,28;29,30
 
13 31
 
14 32,33-,34
 
15 35,36
 
16 37,38
 
17 39,40,41,42
 
18 43,44,45,46,47,48,49,50,51,52,53
 
19 54 
20 55
 
21 56,57,58 
22 59,60,51
 
23 62,63,64
 
24 65
 
25 66
 
25 68.1 
27 68.2
 
28 68.3
 
29 69
 
30 70-79
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APPENDIX I. NATIONAL ENERGY CONSERVATION DATA
 
This appendix presents data mentioned in Chapter 9. Also, an elaboration
 
on some of the National Energy Conservation actions of Chapter 9 are contained
 
herein.
 
1.1 ACTIONS 1 AND 3 TABLES AND FIGURES
 
The Tables I.1-1 through -6 plus Figure I. 1-1 refer back to Action 1
 
of Chapter 9. Tables 1.1-7 through -10 and Figure 1.1-2 are referenced to
 
Action 3.
 
The Petroleum Industry Economic Viewpoint
 
Petroleum industry projected capital requirements are expected to be
 
increased 100-200% over the next decade if needed exploration and development

activity is to take place. Deep inshore basins, Outer Continental Shelf,
 
the Artic and tertiary recovery are the areas of most intense activity, and
 
these are high recovery cost areas. Inflation is another expenditure de­
terminant. Financial capability of the private sector is the concern. Re­
turns of 15-20% will be necessary to finance future capital needs, and
 
since industry debt-equity ratios are about 30% since the 1960's, much of
 
the capital must be generated from within. The industry maintains with
 
some logic that the high profits of 1974 were not those of a typical year.

Early 1975 earnings reports suggest profits were down to the 14-15% range.

The industry suggests that further price regulation (as opposed to decontrol
 
of prices) is a limit to financing needed resource development. Tables 1.1-5
 
and 1.1-6 from a statement before the Senate Committee on Finance by William T.
 
Slick, Jr. display the capital requirements projected and the physical facility

projections. These compare to FEA figures in Chapter 9 and Tables 1.1-3
 
and 1.1-4.
 
1.2 ACTION 6 -- CONVERSION FROM OIL OR GAS TO OTHER FUELS
 
Action 6 provides mandatory and administrative measures to bring about
 
a reduction in usage of scarce fuels through a policy of substitution.
 
Because of recent and anticipated shortages of natural gas, a priority is
 
established to convert electric utilities and large industrial users to
 
alternate fuels. Oil is given a lower priority because supplies are currently

sufficient (with imports included) but provisions are made to bring about a
 
rapid conversion to coal or nuclear fuels. Both nuclear fuels and coal are
 
relatively abundant and are available internally so that ultimate conversion
 
to these is seen as a means of ultimate energy independence.
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FIGURE 1.1-i. COMBINED PRICE OF DOMESTIC OIL AS 
,STATED IN THE PROPOSAL FOR PRICING 
TABLE I.1-1. UNITED STATES UNCONSTRAINED REGIONAL PRODUCTION POSSIBILITIES OR 
CIDE OIL, NATURAL GAS LIQUIDS*A. HEAVY CRUDES, AND)TAR SANDS houands of barrels per day at minimum acceptable prices*) FPI-74-2, 1IV-3J 
A. Business-As-usual Alternative 
Region 
or soure '$I 
1974 
Th $11 $4 
1977 
$ ii$1 $4 _ 
1980 
7_ $ii $4 
1905 
$1i $4 
1988 
$7 sii 
Prudhoe 0 0 0 Isa i5a 158 1600 1600 1600 1600 1600 1600 1466 1466 1466 
N. Slopo 0 0 0 0 0 0 0 434 434 0 900 900 0 663 863 
1 201 201 201 158 190 190 120 243 243 59 468 468 38 719 719 
2 792 792 792 674 732 758 590 635 796 498 527 970 449 471 929 
2A 58 58 88 85 85 85 221 221 221 535 535 539 493 722 726 
3 215 215 215 195 195 230 166 166 231 132 132 248 115 115 269 
4 613 613 613 482 482 549 400 400 556 293 293 591 235 235 607 
5 2554 2554 2554 2076 2131 2328 1778 1816 2331 1413 1437 2643 1180 1195 2801 
6 3525 3525 3525 2731 2958 2958 2360 2759 2846 2198 2832 3311 2219 2852 3747 
6A 1311 1311 1311 1357 1367 1367 1564 1564 1564 2056 2056 2056 2292 2292 2292 
7 993 993 993 903 989 989 820 937 971 701 757 984 615 653 977 
8-10 213 213 213 214 235 239 207 255 268 189 246 330 175 223 ,370 
1] 7 7 7 5 5 8 3 3 15 1 1 33 1 1 47 
11A 0 0 0 0 0 0 0 0 0 40 40 40 60 110 110 
Tar sands 0 0 0 0 0 0 0 25 25 0 100 100 0 200 200 
Heavy Cr 0 0 0 0 0 66 0 0 110 0 0 240 0 0 240 
Total 10482 10482 10482 9048 9527 9925 9829 11058 12211 9715 11924 15053 9338 12118 16363 
Includes exploration and production costs at regional wellheads plus royalty and 10 percent DCF 
on investment but exiudes liase acquisition costs and rentals. 
Includes pentanes plus and LPG from associated-dissolved gas and pentanen plus, LPG, and 
condensate from non-associated gas. WA 
TARLE 1.1-2
 
SELECTED FORECASTS OF U.S. CRUDE OIL PRODUCTION [PI-74-2, 11-16]
 
(Million Barrels per Day) 
Source 1975 1980 1985 1990 2000 
National Petroleum Council (1972) 
Case I 
II 
III 
IV 
10.2 
10.2 
9.8 
9.6 
13.6 
12.9 
11.6 
8.9 
15.5 
13.9 
11.8 
10.4 
-
-
-
-
-
-
-
-
Standard Research Institute (1972) 10.5 11.5 - 14.5 -
Shell Oil Co. (1974; crude oil and NGL) 10.0 10.6 11.4 12.3 -
British Petroleum (1973) 10.3 11,5 11.5 - -
M. King Hubbert (1974) 10.1 10.1 9.2 - 6.2 
Dept. of the Interior (1974, unpublished) 10.4 11.9 14.5 - 13.6 
Ford Foundation Energy Policy Project (1974)­
"Historic Growth" 
High Imports 
High Fossil Fuel 
High Nuclear 
-
-
-
11.2 
12.8 
11.2 
11.2 
14.4 
11.2 
-
-
-
10.5 
19.2 
10.5 
"Technical Fix" 
Base Case 
Low Nuclear 
High Nuclear 
-
-
-
-
-
11,9 
13.7 
11.9 
-
-
-
14.9 
15.2 
11,9 
M.I.T. (1974; crude oil and NCL) 
$ 7.00/bbl 
9.00/bbl 
1.00/bbl 
National Academy of Engineering (1974; 
crude oil and NG) 
-
-
-
-
10,5 
12.6 
14.8 
-
-
12.5 
-
-
-
-
-
-
Atlantic Richfield Co. (1974) - - 15.3 -
Hendrick S. Hauthakker (1974; crude oil & NGL) 
$ 4.00/bbl 
7.00/51b 
10.00/bbl 
12.1 
15.1 
17.6 
David G. Snow (1874; crude bil ahd NGL) 10.2 14.6 15.5 
TABLE I. 1-3. TOTAL CAPITAL INES ENT REQUIRED FOR PROJECTED UNITED STATES EXPLORATION AND 
PRODUCTION OF CRUDE OIL, NATURAL GAS LIQUIDS, HEAVY CRUDES, AND TAR SANDS [PI-74-2, IV-20J 
(Millions of dollars at minimum acceptable prices in the year stated) 
A. Business-as-Usual Alternative 
Region 
or source J7 
1974 
Jj 11 j j 
1977 
S7 $11 $4. 
1980 
AL $_11 _t. 
1985 
7L $11 Vt 
1988 
L 
Frudhoe Bay 655 655 655 655 655 655 335 335 335 335 335 335 0 0 0 
N. Slope 0 0 0 0 0 378 0 0 744 0 0 0 0 0 0 
1 26 48 48 26 78 78 0 143 143 0 303 303 0 500 500 
2 31 167 195 31 31 242 74 74 743 92 92 642 94 94 123 
2A 10 10 10 46 46 46 102 102 107 183 183 188 33 264 264 
3 7 7 '61 7 7 65 11 1 73 6 6 105 7 7 125 
4 24 24 93 24 24 136 39 39 195 29 29 243 31 31 276 
5 105 286 392 105 105 449 168 168 942 126 126 14o6 129 129 335 
6 79 284 284 79 320 325 286 561 867 580 962 1677 61o 617 1854 
6A 231 231 231 282 282 282 419 419 419 630 630 630 662 662 662 
7 115 211 211 115 181 195 103 103 247 64 64 308 67 67 344 
8-10 13 4o 43 13 45 49 23 73 100 23 30 153 23 23 180 
U1 0 0 1 0 0 9 0 0 14 0 0 24 0 0 28 
13A 0 0 0 0 0 0 7 7 7 53 53 53 0 207 207 
Tar sands 0 0 0 0 2 2 0 87 87 0 85 85 0 101 101 
Heavy ciade 0 0 0 0 0 163 0 0 262 0 0 238 0 0 187 
Total 1296 1963 2224 1383 1776 3074 2567 .2122 5285 2121 2838 6390 1656 2702 5186 
TABLE 1.1-4. MATERIALS AND MANPQWER SUMMARY, BUSINESS-AS-USUAL, $11 PER 
1977 1980 
Production (1000 B/D) 
Rigs - onshore 
- offshore 
Platforms - fixed 
- mobile 
7971 
1675 
266 
100 
188 
10314 
1885 
429 
159 
376 
Tubular goods (1000 tons) 
Total steel (1000 tons) 
Seismic crew months 
1111.6 
3428.3 
3299 
1395.8 
4042.1 
4069 
Rigmen-onshore 
-offshore 
37570 
25700 
42226 
40500 
BARREL - TOTAL 
1985 

13022 

3200 

631 

228 

428 

1562.3 

4003.2 

5453 

73396 

58300 

U.S. [PI-74, VI-7J 
1988
 
14285
 
4400
 
789
 
279
 
522
 
1725.2
 
4374.1
 
6379
 
102276
 
71300
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TABLE 1.1-5. CAPITAL EXPENDITURE PROJECTIONS FOR DOMESTIC ENERGY
 
INDUSTRIES, 1975-85 [Slick-751
 
(Billions of 1974 Dollars Per Year)
 
Total Energy Total Energy 
Excluding Including 
Petroleum Electric Electric 
Industry Only Utilities Utilities 
FEA Project Independence, 22(1) 25 50 
November 1974 
First Chicago Corporation, 
May 1975 21 24 49 
First National City Bank, 
September 1974 31 46 84 
Sun Oil Company, March-1975 27 N.A. N.A. 
Exxon USA, December 1974 20 24 46 
(1) Excludes Marketing &
 
Chemical Expenditures
 
TABLE I. 1-6. PROJECTED CAPITAL EXPENDITURE & PHYSICAL FACILITY REQUIREMENTS
 
U.S. 	ENERGY INDUSTRIES (1), 1975-85 [Slick-75]
 
Cumulative
 
Capital Required 
1975-85 Inclusive 
Billion 1974 $ New Facilities Required 
Conventional Oil 195 300,000 wells, 850 offshore platforms, 
38-150 MB/D Equivalent Refineries, 
90,000 Miles of New Pipelines 
Synthetics 16 10-50 MB/D Equivalent Shale Oil Plants, 
11,250 MMCFPD Equivalent Coal Gas Plants 
Coal 21 145-5 MM Ton/Year Mines 
1,100 - 100 Car Unit Trains 
Uranium Mining & Processing 12 35 - 2 MM Ton/Year Equivalent Mines & 
Enrichment Facilities 
Total $ 244 
(1)Excludes Petroleum Marketing & Chemicals & Electric Utilities
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TABLE 1.1-7. SCENARIO SUMMARIES* [PMV-74, 66]
 
PERCENT GAIN
 
IN MPG
 
Scenario 1980: 1985 

Baseline 0 0 

A Modest 28% 27% 

Improvements ]7.9 mpg 17.8 mpg 

B Gradual 33% 52% 

Improvement 

Thru 1980's 18.6 mpg 21.3 mpg 

C Maximum 43% 44% 

Improvement 

by 1980 ?0.0 mpg 20.2 mpi 

D Scenario B 63% 84% 

Plus Shift 

to Smaller 22.8 mpg 25.8 mpg 

Cars 

FUEL ECONOMY IMPROVEMENTS
 
No improvements in fuel economy
 
relative to 1974 vehicles.
 
Minimum changes to meet statuatory
 
emission standards.
 
Optimized conventional engines,
 
radial tires, slight weight and
 
aerodynamic drag reductions (in
 
line with announced industry goals)
 
No improvements after 1978.
 
Steady technological improvement
 
through the 1980's: Weight
 
reduction through materials sub­
stitution and minor redesign dur­
ing the 1970's; further changes
 
(unitized body) in the 1980's-.
 
Some aerodynamic drag reduction
 
and substantial transmission
 
improvements fully accomplished by
 
1984. Diesel engines phased in
 
for larger cars from 1981 to 1989
 
plus some stratified charge
 
engines for smaller cars. No
 
performance degradation.
 
Maximum rate of improvement through
 
1980 with little further gain dur­
ing the 1980's. Rapid weight
 
reduction, aerodynamic drag re­
duction, and transmission improve­
ments. Displacement reduction of
 
optimized conventional engines,
 
but no diesel or stratified
 
charge engines.
 
Same as B with 1980 sales mix
 
assumed at 10 percent large cars,,
 
25 percent intermediates, 25
 
percent compact, and 40 percent
 
subcompact.
 
* The base vear for comparison is1974. That year, according to 
[PMV-74-31], the production-weighted average fuel economy of the 
three sizes of cars -- small, mid-size, and large -- was 14,0 mpg 
on the EPA composite driving cycle. The breakdown by class is: 
small -- 22.3 mpg; mid-size -- 13j1 mpg; large -- 10.7 mpg. 
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TABLE 1.1-8 	 ESTIMATED 1980 IMPACTS OF FUEL ECONOMY
 
IMPROVEMENTS UNDER SCENARIO C
 
(DOLLARS/CAR)
 
Increase PV(1)of PV of
 
% Gain in Initial Fuel Maintenance Net
 
in MPG Price Savings Savings Savings
 
SUBCOMPACT 24.4 242 335 213 306
 
COMPACT 42.6 249 688 308 747
 
INTERMEDIATE 42.6 249 937 308 966
 
STANDARD 61.0 296 1,397 389 1,490
 
LUXURY 61.0 296 1,465 389 1,558
 
PV = Present value calculated with a 10% discount rate, gasoline
 
price of 55€ per gallon, and a ten year period. A 20 percent
 
discount rate would lower the present value of fuel savings
 
by 24 percent.
 
TABLE 1.1-9. 	 NET PRESENT VALUE SAVINGS FROM THE PURCHASE
 
OF FUEL EFFICIENT VEHICLES( I)
 
(DOLLARS/CAR)
 
SCENARIO
 
B ( 2 )  	 C( 3 ) CAR SIZE A B 	 C 
SUBCOMPACT 330 374 513 306 354
 
COMPACT 612 685 873 747 838
 
INTERMEDIATE 868 911 1,510 996 1,117
 
STANDARD 1,103 1,217 1,824 1,490 1,504
 
LUXURY 1,151 1,276 1,900 1,558 1,543
 
iComputations 	follow the outline of Table 
1.1-8 above.
 
2Post 1980 vehicles with diesel engines and/or other'improvements.
 
31982 vehicles under Scenario C.
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FIGURE 1.1-2. 1975-1985 TECHNOLOGICAL POTENTIAL FOR FUEL ECONOMY [PMV-74, 35]
 
TABLE I.]-10. SAVINGS ON ANNUAL OIL IMPORT COSTS AT $11/bbl

(billions of dollars) [PMV-74-71]
 
YEAR 
 SCENARIO
 
Baseline A B C D
 
1975 
 0 0.4 0.4 0.6 0.6
 
1980 0 3.3 4.0 5.0 
 6.0
 
1985 0 6.3 8.5 
 8.9 12.0
 
1990 
 0 7.5 12.2 10.9 16.1
 
The major features of Action 6 to be reviewed are:
 
A directive to convert all multi-fuel central power plants
 
using gas to oil or coal.
 
An order to utilize only coal in all plants with appropriate
 
facilities to burn coal.
 
A provision empowering the FEA administrator to order oil
 
or gas-fired power plants or industrial boilers to retrofit
 
facilities to burn coal should the administrator judge such
 
a conversion in the public interest.
 
Exceptions would be made wherever alternate fuels are not available, where
 
service interruptions would be requiredor where conversion is not
 
deemed in the public good.
 
In order to demonstrate the effects of the action it has been
 
decided to consider four possible cases:
 
Extension of FEA authority to order conversion of oil and
 
gas-fired units to coal is denied. Plants on line'continue
 
to burn current fuel mix.
 
FEA orders sufficient conversion to meet natural gas shortfall.
 
All plants with coal facilities are ordered to burn coal.
 
[Power-75133]
 
FEA orders all gas burning plants to burn alternate fuels.
 
Any down-rated capacity is assumed to be supplemented with
 
oil-fired combustion turbines. All plants with facilities
 
to burn coal are converted to coal.
 
FEA orders all gas burning plants to burn alternate fuels.
 
Any down-rated capacity is supplemented with oil-fired
 
combustion turbines. All plants with facilities to burn
 
coal are converted to coal. Fifty percent of all remaining
 
oil-fired plants are converted or replaced by coal-fired
 
units.
 
The selection of 50% retrofitting is somewhat arbitrary but is
 
justified on the basis that not all plants are judged convertible.
 
Combustion turbines, plants without rail or barge access, or plants
 
without sufficient land for coal storage would be excluded. Moreover,
 
many of the aged plants cannot feasibly convert either on the basis
 
of economic considerations or from consideration of the energy investment.
 
Direct fuel requirements for the four actions are shown in Table 1.2-1.
 
The magnitude of the natural gas shortfall was 1.1 trillion cubic feet
 
per year in 1973. [H.R. 7014 Hearings-75,1107] Since more recent data
 
has not been available, this value is used for the initial conversion.
 
In the case of conversion to end the shortfall and conversion of the
 
FEA designated convgrtible plants, it may be noted that oil requirements
 
°
 also drop 21.2 x 10 bbl/year. Assuming a price of $11/bbI, the dtrect
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TABLE 1,2-I. DIRECT IIPACTS OF ACTION'6 ON FUEL MIX
 
1974 
Consumption 
Oil, bbl/year 52761xi0 6 
Gas, mmcf/year 3.4xi0 6 
Coal, tons/year 389.3xl0 6 
Conversions to 

end natural gas 

shortfall, 

Mandatory coal 

use, 

505.9x10 6 

2.3x10 6 

427.,31xI0 6 

All natural ga
 
All natural olants convert
 
gas plants Mandatory coal
 
converted, use. Half of
 
Mandatory coal discretionary
 
use plants converti
 
9477x106 473.8x10 6
 
None None
 
427.3lxI0 6 503.8xi0 6
 
TABLE 1.2-2. COAL AVAILABILITY FOR POWER 'PLANT USAGE fmurphy-75] 
(millions of tons/year) 
Total Coal Production 

Coal Availability for Power Plants
 
Action a.
 
Power Plant Fuel Requirements
 
for exiqting plus hew coal 'burning 

units
 
Action b or Action c
 
Power Plant Fuel Requirements for
 
'existing andFEA designated convertible 

plants
 
Action d
 
Power Plant Fuel Requirements
 
for Coal units including all
 
FEA designated plahts 'nd-50%
 
of oil burning plants 

- 1977 1977 
1974 .(expected) (optimistic) 
601 685 735 
389 431_6 463 
389 429 429
 
467 467
 
581 581
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savings in annual cash outflow is $233.2 million. The corresponding
 
increase in coal requirements is 38 x 106 tons. It is not altogether
 
clear when such quantities of fuel will be available. Both power plant"
 
construction and mine development require siqnificant lead times; thus,
 
future coal requirements and availability may be projected up to at
 
least three years with a relatively high degree of accuracy. The
 
scheduled start-upsof new fossil fuel-fired plants [EW-75,58] and openings
 
of new mines [Murphy-75] show no expected surplus of coal by 1977
 
(refer to Table 1.2-2). However, aggressive mine development could produce
 
an additional 31.4 x 106 tons/year by that date. While this is not
 
enough additional fuel to allow conversion of'all FEA coal designated
 
plants, it does allow for significant conversion. The differential coal
 
requirements could be made up through imports. While the prospect of
 
coal importation has not been seriously considered, it does offer
 
several notable advantages. Low sulfur, high BTU coal is available
 
in limited quantities from Australia, Poland and South Africa at a
 
price below the equivalent cost of imported oil. The use of coal from
 
these areas would:
 
Diversify fuel supply and reduce dependence on Arab oil.
 
This would lessen the impact of any future embargo.
 
The expanded coal market &eyond U. S. productio should
 
stimulate coal development in the country. Mine development
 
can only be encouraged by an enlarged market.
 
The pro-western governments of Australia and South Africa
 
would benefit.
 
Substitution disrupts the oil-cartel and encourages competition
 
in world oil prices.
 
U. S. balance of payments would be eased by using coal rather
 
than oil.
 
Using a value of $11/bbl for oil as compared to $26/ton for coal,
 
it is found that conversion of the FEA designated plants to coal would
 
reduce annual fuel costs from $1.77 billion to $.988 billion. This is
 
an annual improvement in the balance of payments of $.783 billion, even
 
if all coal is imported. Conversion costs are estimated at $11.9 billion
 
under present state environmental implementation plans but would drop to
 
$0.6 billion (1980 dollars) if standards were relaxed to the primary and
 
secondary federal ambient standards. [Allen-75j It is apparent that the
 
economic feasibility of such a conversion is directly related to the
 
environmental standards. Many of the utilities and coal producers advocate
 
a review of environmental standards with a trade-off between the national
 
needs of environmental conditions and energy needs.
 
Retrofitting of boilers to utilize coal in plants not designed for
 
coal has previously been proposed. The costs of such a retrofit program
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has been estimated at $26 billion (1980 dollars) exclusive of capital

required to meet air pollution control requirements or of capital outlays

by supporting railraod, etc. [Allen-75] As noted from Table 1'2-2, suf­
ficient coal supplies are simply not available to accomplish such a conver­
sion prior to 1978. It is clear that any retrofit program will be hamper­
ed by the rate at which additional mines can be developed and should be
 
delayed until coal production surpluses can be attained. Note that the
 
cost of retrofit isof the same order of magnitude as the cost of the coal
 
gasification programs inAppendix D. Both programs provide about 3 quads of
 
additional pipeline gas and both cost on the order of $30 billion. How­
ever, gasification plants would be new facilities with a 40 year lifetime,
 
whereas'retrofitting of old natural gas plants would provide significantly
 
shorter service.
 
An additional area of concern isconversion to coal in transportation.

Rail facilities, particularly in the Northeast, have deteriorated over
 
the past several years and will require ungrading. Today there is both a
 
shortage of hopper cars and coal barges such that significant problems may
 
occur in transport. The problem will be accentuated by development of the
 
low sulfur coal areas of the Northern Great Plains. While rail lines are
 
generally in good repair inthis region, the distance to major population
 
areas is enormous. Barge transport is generally much cheaper than rail,

but no waterways of sufficient depth are found in the area. Generally,
 
it is recognized that rail transport will be required at least to the
 
Mississippi River. From there, coal may move east either up the Ohio
 
River or down through the Gulf. Transportation by rail-provides a sipni­
ficant side benefit of providing substantial revenues to rail systems. In
 
fact, coal transport constitutes the railroads' single most important com­
modity class. Thus, conversion to coal serves to stabilize rail revenues.
 
In conclusion, it is noted that conversion of the FEA designated

plants can be accomplished by 1977, given an aggressive coal development

Program. Moreover, conversion of 1.1 quads of gas-fired plants would
 
serve to alleviate the current shortfall of natural gas for residential,
 
commercial and other industrial users.
 
APPENDIXJ. ELECTRIFICATION 
J.1 INTRODUCTION
 
.This appendix will contain most of the tables and figures supporting
 
the discussion in Chapter 10. Impacts will also be discussed here.
 
J.2 ENERGY INDUSTRY ACTIONS
 
J.2.1 INCREASE POWER GENERATION FROM COAL
 
Project Independence [PI-74] has adequately discussed the requirements
 
and impacts of an expansion of coal production. Chapter 9 of ECASTAR
 
disucsses some of the indirect coal requirements which are entailed by
 
an expansion of coal oroduction and substitution of coal for oil and gas.
 
These indirect requirements are larqe and diveft coal away from net sales
 
as energy to sales Tor production reouirements, e.g. steel. Thus, indirect
 
requirements must be estimated carefully in planning the rate of exnansion
 
of the coal supply in the critical near-term.
 
J.2.2 INCREASE THE USE OF NUCLEAR POWER
 
The nuclear picture is almost entirely in the future. Therefore most
 
of what can be said depends on scenarios of financial health, safety and
 
reliability, and public acceptance. The only major actors in the nuclear
 
picture are Light Water Reactors (and a few HTGR) and the Liquid Metal
 
Fast Breeders. The breeder is definitely not.a commercial item in the
 
near or mid-term. No major new design concepts are being pursued in
 
non-breeder reactors.
 
Two scenarios are presented in Fiqure J.2.2-1, the Westinghouse base
 
case FWEST-75], and the projected growth rate according.to the number of
 
reactors planned by the nuclear industry. The latter includes reactors in
 
operation, under construction, and those ordered but in the plannina stage
 
[NEI-75]. It is based on Fiqure J.2.2-2, which shows the number of
 
reactors and the total gigawatt (rounded-off numbers) to be added per year.
 
Note that in 1985 about 190 GWe are projected while the Westinghouse scenaric
 
predicts 206 GWe.
 
The Westinahouse'scenario foresees a reversal in the downward trend of
 
reactor additions, contrary to the indications of the number of reactors
 
planned by 1985. In assessing requirements, the nuclear forecast accord­
ing to actual reactor orders will be used (Figure J.2.2-2).
 
i GIGAWArTS ELECTRICAL 
NUMBER OF REACTORS ADDED 4 
> 4' 
C- > t 
.4, 4 
-v
c) o_ _ _ _ _ __ _ _ _ _ _ _ CD 
a *0 
_ _ _ _ _ 
m 
C.. - a0 z.C 
to0 -
;a 
0I 'I 
C Mo am -
4 4 
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A total of 158 reactors (151 LWRs and 7 HTGRs) are projected to be
 
installed between 1975 and 1985. Although some of the reactors will be
 
part of a two or three plant units, the calculations will be based on
 
sinole power units of I GWe (an average value; beyond 1979 most of the
 
reactors are between the 1.1 and 1.3 GWe range). Including the present

capacity, a total of about 190 reactors will be operating by 1985.
 
Some of the most important requirements for the mining and milling

operations are given in Table J.2.2-1. The requirements are based on
 
the open 'it mines and mills equivalent to the Anaconda Co. operations in
 
Grants, New Mexico.
 
Unit requirements for other nuclear processing facilities are
 
presented in Table J.2.2-2.
 
U308 requirements are given in Table J.2.2-3. The results are based
 
on Table J.2.2-4.
 
At a rate of 360,400 lbs U308 per year per GWe, the U3 08 requirements
by 1985 will be of the order of 30 thousand tons/year. The cumulative
 
reouirements by 1985 are about 936 replacement reactor core loadings,
 
corresponding to about 153 thousand tons of U308 . Cumulative initial
 
core loadings to 1985 amount to about 62 thousand tons. These represent
 
a total cumulative U308 requirement of about 215 thousand tons. This
 
amount is within the United States proven reserves, Figure J.2.2-3.
 
There have been some reductions in the quantities shown in this figure

[HOGERTON-753; however, they still satisfy U308 needs to 1985.
 
Thorium needs are presented in Table J.2.2-5. Considering the
 
large availability of thorium and the number of HTGRs (6 GWe total)
 
expected to be in operation by 1985, the HTGRs fuel requirements can be
 
met.
 
The required conversion capacity (UgO8 UF6) at 138.6 metric tons of
 
uranium per year per GWe will be about 2 ,000 metric tons/year. Three
 
conversion plants are currently operating in the United States. These
 
are Kerr-McGee's 4500 ton/year plant at SeQuoyah, Oklahoma; Allied
 
Chemical's 12500 ton/year plant near Metropolis, Illinois; and ERDA's
 
(NRC) '8000ton/year plant at Fernhold, Ohio. Kerr-McGee plans to increase
 
its capacity to 9000 ton/year by 1977. The 29,500 metric ton/year total
 
capacity identified above is sufficient to meet annual conversion demands
 
in the year 1985.
 
Table J.2.2-6 presents the se-arative work requirement for uranium
 
fuel enrichment calculated from Table J.2.2-7. Replacement loadinqs per
 
year in 1985 are projected to be about 23 million SWUs. From Figure
 
J.2.2-4, it can be seen that with the improvedplants, at-any of the
 
tails assays indicated, the requirements can be met.
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TABLE J.2.2-1. MINING AND MILLING REQUIREMENT (1985)*
 
Number of Mines (1500 tons U308/mine)** 20 
U308 (tons/year) (163 tons/GWe/year) 30,143 
Rubber and Steel for Mining 
Equipment and Trucks: 
Rubber (tons) 2750 
Steel (tons) 3000 
Engineering and Supervisory 
Manpower (persons/operating day): 
Mines 343 
Mills 285 
Other Manpower (per operating day) 
Mines 6500 
Mills 5415 
Total Manpower (per operating day)
 
Mines 	 6843
 
Mills 	 5700
 
Concrete (yd3) 7500
 
Total Steel (tons) 32,500
 
Water Used in Milling (gallong/day) 3.75xi0
7
 
Capital Outlay (dollars)
 
Steel 	 456,000
 
Concrete 	 80,520
 
Cumulative Capital Outlay
 
in 5-year Periods for Mining and
 
Milling Facilities (Million dollars) 220
 
Energy Consumed (mining, milling and
 
transportation of ore from mine to
 
mill) (kwh) 21xl0 7
 
Capital (-investment in mill, equipment
 
and land) (Million dollars) 

* Based on [MEGASTAR-75] Appendix B-3 
** 	 Open pit mines and mills equivalent to the Anaconda Co. operations 
in Grants, New Mexico 
450 
TABLE t,.2.2-2. UNITS REOUIREMENTS FOR NUCLEAR FACILITIES [MEGASTAR-74]
 
Plant
 
Requirements (Capacity)
 
U300 Gas Fuel Fuel
 
Converion Diffusion Fabrication Reprocessing
 
(9000 tonnes/yr) (8.75xl0 6 SWU/yr) (1200 tonnes U02/yr) (1500 tonnes/yr)
 
Construction Designers

(1O6 man-hrs) 1 Comparable
 
Craftsmen to
 
(10 nab-grs) 2 24 2
 
Power Plant
 
Leadtime (years) 4 	 6 9
 
-	 6xlO 4
 Steel (tons) 	 -* 7xlO4 
Concrete (yd3) - 3xlO 5 6xl0 3 
Land (acres) 80 400 100 1000, 
Operating Personnel 50 900 1200 350 
Power 
H20 (gpd) - 2xlO 7 -
Capital ($million) 37 50 270 
* (- means probably regligible, ? means may be important but not yet available) 
** 	 Based on cost 
enrichment plan in Alabama 
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TABLE J.2.2-3. 	U03 REQUIREMENTS TO 19p5a
 
Feed Required (103Kgs U308) 	 BW,Rb PWRb 
Initial Coresc 	 22,455 38,747
 
Replacement Loadings/yeard 	 10,134 19,940
 
a) Based on Table J.2.2-4. HTGR's not included. 
b) Itwas assumed 2 PI4Rs to I BWR 
c) Based on 151 LWRs of 1 GWe 
d) Based on 184 LWRs of 1 GWe 
TABLE J.2.2-4. 	CALCULATION OF U O8 YELLOWCAKE AND U238 REQUIRED ANNUALLY FOR A
 
MODEL LIGHT WATER REACTOR ECAC-137P-74J
 
Assume: Plant size 	 = 1000 MWe 
Enrichment tails assay = 0.20 percent 235 
Load factor = .75 
Feed Required (lbs U308) BW 	 EW
 
Initial core 988,000 844,000 
Replacement loadings 
10 year average 
30 year avetage 
288,000 
35B,000 
311,333 
308,000 
361,600 
325,867 
(Assume: 2 IPr's to 1 BAR) 
10 year average 360,4oo 
30 year average 321,022 
Feed Required (kgs U308) 	 LWR
 
10 year average 163,)447 
30 year average 145,588 
Feedflequired (k~sU) 	 WR
 
10 year average 138,600 
30 year average 123,456 
--
U.S. 	 URANIUM RESOURCE STATUS AT DIFFERENT 
FORWARD COSTS [HOGERTON-751-
RESERVES & 
2600 - "ESTIMATED ADDITIONAL" 
RESOURCES 
2400 ­ $30/LB. 
2200
 
2000
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o 
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cl) 
1600 
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FIGURE J,2.2-3 
TABLE 3.2.2-5. THORIUM REQUIREMENTS PER YEAR FOR A 1 GWe PLANT (Metric Tons)
 
Mining Requirements 16
 
Fuel Fabrication Loads 12
 
Fuel Reprocessing 
 3
 
TABLE J.2.2-6. SEPARATIVE WORK REQUIREMENTSa
 
Separative Work (103 Kg SWU) BWRb PWRb 
Initial Coresc 11,950 22,422 
Replacement loadings/yeard 7,341 15,555 
(10 year average) 
a) Based on Table J.2.2-7. HTGR's not included.
 
b) Itwas assumed 2 PWRs to 1 BNR
 
c) Based on 151 LWRs of 1 GWe
 
d) Based on 184 LWRs of 1 GWe
 
TABLE J.2.2-7. 	CALCULATION OF SEPARATIVE WORK REQUIRED ANNUALLY FOR A MODEL
 
LIGHT WATER REACTOR ECAC-137P-742
 
Assume: 	 Plant size = 1000 tWe 
Enrichment tails assay = 0.20 percent U2 35 
Load factor = .75
 
SWUl' Required (kg SWU's) 	 BWR PWR
 
Initial core 239,000 222,000
 
Replacement loadings 105,000 317,000
 
10 year average n18,4oo 127,500
 
30 year average 309,h67 120,500 
[Assume: 2 IWM's to J BWR] 
IR 
10 year average 	 124,467 
30 year average 	 n16,822
 
500 
WITH PU RECYCLE 
400 
300 
WITHOUT PU RECYCLE 
X - TAILS ASSAY OF DIFFUSION PLANTS 
AS WEIGHT PERCENT U235 
SWU - SEPARATIVE WORK UNITS 
. 
200 
I I //liI I /l l 
100 
X 0.20 0.25 0.30 0.20 0.25 0.30 
UNIMPROVED PLANTS IMPROVED PLANTS 
6100 MW 7400 MW 
17.1 MILLION SWU/yr 26.4 MILLION SWU/yr 
CAPABILITIES OF USAEC PLANTS UNDER 
EXISTING AND COMMITTED EXPANSIONS 
FIGURE J.2,2-4 
CAPACITY OF GASEOUS PLANTS TO SUPPLY 
LIGHT WATER REACTORS [Creagan-74J 
Fuel preparation and fabrication requirements at 30 metric tons of
 
uranium/year/GWe will be about 5700 metric tons/year during 1985. The
 
U. S. capacity projected for 1980 is8,200 metric tons/year, sufficient
 
to meet requirements. At the present, the annual capacity is estimated at
 
4500 tons.
 
The fuel cycle costs per year by 1995 are tabulated inTable J.2.2-8.
 
These results are derived from Table J.2.2-9, which assumes fuel cycle
 
needs corresponding to 10 years after operation. In general, the plant

load factor increases with plant operating time, hence, a larger load of
 
fuel isconsumed per year as the plant gets older. Note that safeguarding,
 
insurance, and power plant decommissioning are not included in the fuel
 
cycle cost.
 
Construction craft manpower requirements for the period between 1975
 
and 1982 are presented in Figure J.2.2-5. The data in this figure was
 
obtained from Figures J.2.2-2 and J.2.2-6. The manpower distribution
 
for a one-unit power plant was approximated by a triangular distribution extend­
ing over a six-year period and with a maximum of 1.3 men/KWe. This approximation
 
underestimates manpower. However, since not all power plants are a one­
unit plant, this tends to compensate for the approximation. Note that
 
for the double-unit the peak is 1.05 men/KWe.
 
Major construction material requirements for a typical 1.1 GWe
 
nuclear power plant are given in Table J.2.2-10. The various ranges of
 
quantities are shown to reflect the various differences among plants and
 
design aspects [BUDWANI-75]. Table J.2.2-11 lists other materials and
 
equipment for a 1 GWe PWR power plant.
 
Based on a nuclear plant completion time of ten years, Table J.2.2-12
 
gives the combined nuclear utility and direct support staffing schedules.
 
Table J.2.2-13 presents a typical nuclear utility operations staff. HTGR
 
staffing requirements are not presented since they constitute a small frac­
tion of the total manpower needs by 1985.
 
Shipment requirements in the nuclear fuel cycle and quantities of
 
nuclear waste generated are presented inTable J.2.2-14. Ten types of
 
radioactive wastes are defined on the basis of their characteristics and
 
of their packaging, shipping and disposal requirements.
 
Impacts
 
Impacts are assessed on the environmental, economical, social and
 
politidal aspects of society.
 
The discussion of environmental impacts will be restricted to public
 
health and safety and to ecological changes that might result from radio­
active releases and waste heat discharges during operations inthe nuclear
 
fuel cycle.
 
---
---
---
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TABLE J.2.2-8. FUEL CYCLE COSTS PER YEAR IN 1985a 

Cost Componentb 

a) Mining and Milling 

b) Conversion to UF6 

c) Enrichment 

d) Fuel Prep and Fabrication 

e) Spent Fuel Shipment 

f) Reprocessing 

g) Reconversion 

h) Waste Management 

) Shipping 

Subtotal 

j) Fuel inventory carry charge
 
k) Safeguarding 

1) Insurance 

m) Plant decommissioning 

Total 

a) HTGR are not included
 
b) Based on Table 0.2.2-9
 
(Million Dollars/Year)
 
Cost/Year
 
1327
 
128
 
2222
 
612
 
40
 
273
 
10
 
80
 
26
 
4718
 
4718
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TABLE L .2.2-9. 1980 FUEL CYCLE COSTS FOR AN AVERAGE 1000 MWe NUCLEAR POWER
 
PLANT (1980 dollars) (10 YEAR OPERATION) ECAC-137P-74]
 
Cost Comonimt Cost/unit Quant~ty/Yr. Cost/Yr. mizls/kwhe 
a) Mining and Milling $20/lb U308 360,400 lbs U3 08 $7,208,000 1.10 
b) Conversion to UF6 
c) Enrichment 
d) Fuel Prep and Fabrication 
$5/kg U 
$97 kg SwU 
$29,679 kg U 
138,600 kg U 
121p, h67 kg SWU 
29,679 kg U 
$693,000 
$12,073,299 
$3,324,048 
0.10 
1.84 
0.50 
e) Spent Fuel Shipping $8/kg U 26,525 kg U $212,200 0.03 
f) Reprocessing 
g) Reconversion 
$56/kg U 
$2/kg U 
26,525 kg U 
26,181 kg U 
$1,485,400 
$52,362 
0.23 
0.01 
(reactor fuel) (reactor fuel) 
i) Shipping 
b) to c) 
c) to d) 
4) to d) 
f) to g) 
4.42/kg U 
4.90/kg U 
$.72/kg U 
$1.45/kg U 
137,907 kg U 
29,679 kg U 
28,937 kg U 
26,260 kg U 
$57,921 
$27,711 
$20,835 
$38,077 
Shipping total 
Subtotal 
$143,544 
425,629,373 
0.02 
3.90 
J) Fuel Inventory Carrying 
Charge 
(at i%) $8,672,4OO 1.32 
k) Safeguarding NA -
1) Insurance HA -
Total (without k and 1) .$34,301,773 5.22 
Assumptions: 
Load factor = .J5 
Rurnup - 29,883 IM(t)D/WW 
Efficiency = 33.5 percent 
Inflation rate 7f percent annually 
Plant operation = 10 years 
DR1GU~t PAGE lB 
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TABLE J.2.2-10. 	MAJOR CONSTRUCTION MATERIAL REQUIREMENTS FOR A TYPICAL 1.1
 
GWe NUCLEAR POWER PLANT EBUDWANI-752
 
MATERIAL 	 QUANTITY
 
Concrete 125,0b0 to 175,000 cu yd 
Rebar 13,000 to 18,000 tons 
Structural steel 	 5,000 to 8.000 tons 
Containment liner (PWR) 	 900 to 1,200 tons 
Fuel pool Lner 	 140 to 160 tons 
Embedments (iron) 	 1,000 to -.1,200 c,-; 
Formwork 	 1,250,000 to 1,7b0,000 sc. 
Cable trays 	 60,000 to 90,000 in fit 
Conduit (metallic) 325,000 to 550,000 IinIt 
Condenser tubing 3,000,000 to 3,500,000 linit 
Railroad tracks 40,000 to 60,000 1in ft 
Piping 21z in. and over 2,850 to 3,350 tons 
Grating and flooring 225 to 350 tons 
Cable (power and control) 3,250,000 to 4,500,000 In ft 
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TABLE Q 2.2-11. 	 MATERIALS AND EQUIPMENT FOR 1-1000 MWe PWR GENERATING PLANT
 
EDEUTCH-743
 
Aluminum: 	 20 short tons
 
Cement (total):. 	 50,000 short tons
 
Concrete (total): 	 150,000 cubic yards
 
Copper: 	 800 short tons
 
Carbon Steel: 	 36,000 short tons (includes structural steel, reinforcing
 
steel, steel forgings and castings, plate steel, piping
 
and conduit)
 
Heavy Steel Plate: 2300 short tons (includes 600 tons for reactor pressure
 
vessel)
 
Steel Forgings: 	 350 short tons (for Nuclear Steam Supply System);
 
200 short tons forging for generator rotor.
 
Carbon Steel Piping 2650 short tons
 
(over 2 inches)!
 
Stainless Steel: 2300 short tons (includes 375 short tons of stainless steel
 
piping (over 2 inches in size)
 
steel Railroad Track: 	 50,000 feet of rail
 
Pumps: 	 44 pumps driven by motors in 0-99 HP range
 
34 pumps driven by motors in.100-999 HP range
 
9 pumps driven by motors in 1000-9999 HP range
 
2 pumps driven by mechanical drive turbines of
 
12,300 HP each
 
Note: The pumps listed above are identified in the cost estimate
 
listing and the electrical one-line diagram of AEC
 
publication ;CASH-1230 (Vol. 1). Counting miscellaneous
 
additional pumps, there arc-on the order of 100 pumps in
 
the model 1000 IiUe PWR 	plant.
 
Compressors: 	 5 (for station service air, instrument air and
 
waste gas; does not include air conditioning cormpressors)
 
TABLE tZ2 .2-I1. (Cont.) 
Transformers: 	 2 m.ii trasfui-x:rs, 570,000 KVA each 
2 au::iliarY pcrcer cransformer,' 43,000 KVA each 
4 station servicc transform.rs, 2,700 KVA each 
4 transformers in the D-iQO."KVA range for 
120 volt AC supply, generator neutral, and 
control circuits 
Note! In acdition to the principal transformers listed'above 
there are miscellaneous-small-control transformers in
 
this.plant switchgear and.motor control center as well
 
as-instrument transformers for: plant relaying, metering
 
and control.
 
Turbines: I - 6tean turbine-generator rated approximately 
1,100,OD0 -:74 
.1 - gas turbine-generator rated 21,000 KW (stand-by 
plant startep) 
2 - turbine- rated 12,300 HP each to drive the reactor 
feedwater pcutps 
I - turbine (rating not specified) to.drive an auxiliary
 
feedwater pump
 
Diesels: 	 3 dieselgenerators rated 2900 KW each
 
Boilers: 	 2 - 50,000 pound per hour oil-fired auxiliary heating boilers
 
Valves: 	 About 350 to 400 main valves are required for the nuclear
 
steam supply and turbine-operator fluid cycle systcms.
 
An unidentified number of smaller valves are required
 
for station pluzbing And drains and miscellaneous station"
 
,services. 
OR1WPM 
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TABLE 3 .2.2-12. COMBINED NUCLEAR UTILITY AND DIRECT SUPPORT STAFFING SCHEDULES
 
(Single Unit, 1100 ru Nuclear Power Plant)
 
Utility 
Engineering and 
Year Operations Technical Support 
Staff Staff 
(Fflctnecrt/,N.nEntecrs) L.ErgneIt /er,I-n.ncbe±t) 
1 0/0 10/0 
2 0/0 10/0 
3 0/0 15/5 
4 0/0 20/5 
5 0/0 25/10 
6 5/0 25/10 
15/40 25/10 
F3 15/60 25/10 
v 15160 25/10 
10 15160 25/10 
Total
 
WS-Yoars
 
riur to 65/220 205170 

Comrnrcial 
0 pera ion 
Ma- ears 
Per Year 
After 15/60 15/10 
CommercialOlieratior) 
Architect 
Engineer 
(EnwInteers/Nqot,-C~tteers) 
10/5 
10110 
25/25 

50/50 
70/70 
75/10 
55/55 
50/50 

25/25 

15/5 

885/365 

Not 
Estimated 
Direct 
Nuclear Steam 

Supply System 

Vendor 

(l~ngmetes/Non ~fladnecrs) 
5/0 

1010 
15/5 
15/5 
15/5 
15/5 

15/5 

15/5 

10/0 

5/0 

120/30 
Not 
Estimated 
Support Organizations 
Construction 
Technical Man:tgement 
Consultants Oganization 
(EnwlncersNon-Endinecrj (Evgncer./Non.Enginecr,) 
10/0 0/9 
10/0 0/0 
15/0 010 

1510 10/0 
2010 10/30 
2010 20160 

20/0 20160 

20/0 20160 

10/0 10/30 

5],0 10/0 

145/0 100/240 

Not Not 
Estimated Estimated 
'ota 
( Enzweers/Noh-Ertgineent) 
35/5 
40/10
 
70/35
 
110/60
 
140/115
 
1601145
 
150/170
 
145/185
 
95/125
 
75/75 
1,0201925 
3070 
c. t 
.-,, 
TABLE J.2.2-13. 	TYPICAL NUCLEAR UTILITY OPERATIONS STAFF (Single Unit 1.1
 
GWe Nuclear Power Plant) EDEUTSCH-742
 
Plant Superintendent 	 1
 
Assistant Plant Superintendent 	 1
 
Operations Supervisor 	 1
 
Training Coordinator 	 1
 
Shift Supervisors (SRO Licenses) 	 6
 
Control Operators (RO Licenses) 	 12
 
Auxiliary Operators 	 12
 
Technical Supervisor 	 1
 
Technical Staff 8
 
Technicians 
 12
 
Maintenance Supervisor 1
 
Electrical and Mechanical Maintenance Personnel 19
 
Total 75
 
TABLE J-2.2-14. SHIPMENT REQUIREMENTS INTHE NUCLEAR FUEL CYCLE (1985)a TABLE J.2.2-14 (Cont.)
 
FRESH FUEL SHIPMENTS LWR HTGR PROJECTED SHIPMENTS OF PLUTONIUM 
Metric Tons/Year/Reactorb 40 12 Metric Tons of Fissile Pu/year 30 
Load/Vehicle/Metric Ton 5.5 1 Load/Vehicle (Metric Tons) 0.5 
Time inTransit, days 1.4 1.4 Shipments/year 60 
Shipments/Yearc 1338 72 Time inTransit, days 2.5 
Vehicles inTransit (average) 5.13 0.28 Vehicles inTransit (average) 0.4 
SPENT FUEL SHIPMENTS .t@, SOLIDIFIED HIGH-LEVEL WASTE SHIPMENT 
Metric Tons/Year/Reactor 020 23d 3.2 Rate of Generation (ft3/year/GWe) 47 
Load/Vehicle (Metric Tons) Total Waste (ft3/year) 8930 
Truck 0.44 -- Rate of Shipment (ft3/year)a 1974 
Rail 3.1 0.6 Shipments/yearb 26 
Shipments/Yeare Vehicles in Transit I 
Truck 3206 -- Radioactivity/Shipment (Megacuries) 11 
Rail 910 32 SHIPMENT OF CLADDING WASTE 
Time inTransit, days 2.5 2.5 Volume/Metric Ton of Spent Fuel/GWe (ft3) 2.3 
Vehicles inTransit (average) Total Volume Generated (ft3/year)c 9705 
Truck 22 Volume/Shipment (ft3)d 95 
Rail 6.23 0.22 Shipments/year 102 
Radioactivity/Shipment (Megacuries) 16 3 Vehicles inTransit I 
a) Based on [BLOMEKE-75) 
b) Assuming 270,930 lbs of U3Op/year/GWe 
c) 184 GWe for LWRs and 6 GWe for HTGRS 
d) Assuming 22,934 KgU/Year/GWe 
a) Waste generated in 1975 is transported as solidified waste in1985 
(42 GWe for 1975) 
b) 12 waste canisters of 6.3 ft3 per shipment C. 
c) Based on 22,934 KgU/year/GWe 
e) Ratio of rail to truck of 2:1 
TABLE J.2.2-14 (Cont.) TABLE J.2.2-14 (Cont.) 
C\ 
SHIPMENT OF NOBLE GASES FISSION PRODUCTSa Tritium from Fuel Reprocessing C 
Radioactivity Generation (Megaduries/year/GWe) 0.205 Production (ft3/year/GWe) 10 
Total Radioactivity (Megacuries/year) 39 Total tritium (ft3/year) 1840 
Cylinders Shipped/yearb 247 Radioactivity (Megacuries/yar) 2.85 
Number of Shipment9/year 41 Shipm6nts/year 190 
Vehicles in Transit 1 SHIPMENT OF PLUTONIUM ALPHA SOLID WASTES 
Radioactivity/Shipment (Megacuries) 1 Production (ft3/year/GWe) l.2x 
63 
SHIPMENT OF FISSION-PRODUCT IODINE Total Plutonium Alpha Wastes (ft
3/year) 221x]0 3 
Iodine Production Rate (Kg/year/GWe) 5.5 Shipments/yeara 221 
Total Iodine Generated (Kg/year) 1045 Vehicles in Transit 5 
Radioactivity Generated (Curies/yeat/GWe) 0.75 Radioactivity (Megacuries/year) 2 
Total Radioactivity (Curies/year) 143 SHIPMENT OF ALPHA-BETA-GAMMA WASTES 
Shipments/year 4 Production (ft3/year/GWe) 5.23xi0 
2 
Curies/Shipment 36 Total Waste (ft3/year) 1o5 
SHIPMENT OF TRITIUM Radioactivity (Megacuries/year) 1.6 
Tritidted Water from Reactors Shipments/yearb 1340 
Tritiated Water Generation (gallons/year/GWe) 20,000 Vehicles inTransit 23 
Total Tritiated Water (gallons/year) 3,680,000 SHIPMENT OF BETA-GAMMA WASTES 
Shipments/yearc 920 Production (ft
3/year/GWe) 4xlO3 
Radioactivity Generation (Megacuries/year/GWe) 0.00035 Total Waste (ft
3/year) 760xl03 
Total Radioactivity (Megacuries/year) 0.0644 Radioactivity (Megacuries/year) 0.7, 
Shipments/yearc 1600: 
Vehicles inTransit 17 
a) Krypton and. Xenon 
b 50 liter cylinders; 1.3 cylinder/year/GWe; 6 cylinders/shipment 
c 4000 gallon tank trucks/shipment 
a) 1000 ft3/carload by rail 
b)75 ft1 shipment, motor freight 
c) 475 ft3 , 64 drums (55 gallon drums)/load. 
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Radioactive releases of appreciable impact might resuTt from nuclear 
thefts, sabotage, reactor accidents, and spent fuel transportation acci­
dents. Figure d.2.2-7 pictures an impact'flow diagram due to these
 
three types of nuclear accidents. The final impact ison public health
 
in terms of somatic (vomiting, loss of hair, etc.) and genetic (long term)
 
effects. Only impacts from reactor accidents are considered in detail.
 
The effects of waste heat rejection from a power plant are presented
 
inthe impact flow diagram in Figure J.2.2-8..
 
Impacts from Potential Reactor Accidents
 
In order to assess the risk to the public from potential accidents in
 
the operation of LWRs commercial power plants, the Atomic Energy Commission
 
(now NRC) performed a study, under the direction of Professor Norman C.
 
Rasmussen, which lasted two years and involved 50 man years of effort and
 
three million dollars. This study which is commonly referred as the
 
"Rasmussen Report," Draft WASH-1400 (AEC-74-4) made a realistic estimate
 
of these risks and compared them with non-nuclear risks to which our
 
present society is already exposed. In this study, risk is associated
 
with the likelihood and consequences of an event.
 
Using fault-free methodology, the study devoted a large amount of its
 
effort to insure thattall potential accidents important in determining
 
the public risk were covered. This systematic approach makes it very
 
unlikely that an accident which would contribute to overall risk was over­
looked. Thousands of potential accident paths were defined and examined
 
to determine their likelihood of occurrence and the amount of radio­
activity they might release.
 
Based on the fact that potentially large amounts of radioactivity
 
can only be released by melting of the fuel in the reactor core, the
 
safety study considered two broad types of situtions; the loss of coolant
 
accident (LOCA) and nuclear plant transients.
 
The results of the study are summarized in Figures J.2.2-9 through
 
J.2.2-11. These are based'on the operation of 100 nucl'ear power plants of
 
1000 MW electrical capacity.
 
Figures J.2.2-9. and.J.2..Z-1 compare, in*terms pf the number of fatali­
ties, the nuclear reactor accident risks with the potential risks from other
 
manmade and natural phenomena, respectively. Figure J.2.2-11 shows the
 
likelihood and dollar value (1973 dollars) of property damage (not including
 
the power plant) associated with nuclear and non-nuclear accidents.
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The results indicate that non-nuclear events are about 10,000
 
times more likely to produce large accidents than nuclear plants. Also,
 
nuclear plants are about 100 to 1000 times less likely to cause comparable
 
large dollar value accidents than other sources. Property damage includes
 
1)cost of temporarily moving people away from contaminated areas, 2)denial
 
of use of real property during reactivity clean up, and 3) assuring no
 
exposure of the public to the radioactivity in food and water supplies.
 
In addition to fatalities and property damage, a number of other health
 
effects can be caused by nuclear accidents. These include injuries and
 
long term health effects such as cancers, genetic effects and thyroid

gland illness. The injuries expected inpotential accidents would be about
 
twice as large as the fatalities shown in Figures J.2.2-9 and J.2.2-10;
 
however, such injuries would be insignificant compared to the 8 million
 
injuries caused annually by other accidents.
 
The most likely core melt accident would occur on the average of one
 
every 17,000 years per nuclear plant. The size of the consequences of
 
such an accident are illustrated inTable J.2.2-15. A comparison of-the
 
consequences of various types of accidents is presented inTable J.2.2-16.
 
It is possible for a core melt accident to release enough radioactivity
 
so that some fatalities might occur within a short time (afew weeks) after
 
the accident. Other people may be exposed to radiation levels which would
 
produce observable effects which would require medical attention but from
 
which they would recover completely. In addition, some people may receive
 
even lower exposures which produce no noticeable effects but may increase
 
the incidence of certain diseases over a period of many years. This last
 
situation is illustrated inTable U.2.2-i7Vf6r tWo-accident-conditi6ns. Note
 
that the effects are difficult to notice because the increases are predicted
 
to be much smaller than the normal incident rate of these diseases.
 
Comparison of mortality rates in three power plant types is given in
 
Table J.2.2-18.
 
Impacts from Diversion of Nuclear Materials
 
The impacts resulting from the theft or diversion of some kinds of
 
nuclear materials depend upsi, the i:se of the materials as an explosive
 
nuclear weapon, a biological poison or as a radioactive source.
 
It takes approximately 34 pounds of highly enriched uranium, above
 
90%, to make a crude bomb. At enrichments above 20%, the uranium can be
 
made to explode. However, the amount of material needed would be large
 
and the explosive force relatively low [Buchanan-74J. Highly enriched
 
uranium isone of the fuel materials used in HTGR's. The low enrichment
 
level, about 3%, in the fuel of a LWR makes it a non-nuclear explosive
 
material.
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TABLE J 2.2-15. CONSEQUENCES OF THE MOST LIKELY CORE MELT ACCIDENT
 
Consequences
 
Fatalities 
 <1
 
Injuries <1
 
Latent Fatalities <1
 
Thyroid Nodules 
-4
 
Genetic Defects <1
 
Property Damage* $100,000
 
*This does.not include damage that might occur to the plant.
 
TABLE J.2.2-16. ANNUAL FATALITIES AND INJURIES EXPECTED AMONG THE 15 MILLION
 
PEOPLE LIVING WITHIN 20 MILES OF U.S. REACTOR SITES
 
Accident Type Fatalities fnluries 
Automobile 4,200 375,000 
Falls 1,500 75,000 
Fire 560 22,000 
Electrocution 90 --
Lightning 8 
Reactors (100 plants) 0.3
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TABLE J .2.2-17. 	MAGNITUDE OF LATENT HEALTH EFFECTS EXPECTED INA 20 YEAR
 
PERIOD FOR AN ACCIDENT THAT PRODUCES 100 FATALITIES
 
Chance Per Plant Per Year 
Effect Normal* 
Onc n :7,000 Ono in 1 ,0000 Incidence Rate 
Latent Cancers <1 450 	 64,000
 
Thyroid Illness 4 12,000 	 20,000

.1
 
Genetic Effects < 1 450 	 100,000
 
*This is the normal incidence that would be expected for people in the
 
vic;--ity of any one reactor.
 
TABLE J .2.2-18. PREDICTED MORTALITY RATES FOR ELECTRIC POWER PLANTS
 
MORTALITY RATE
 
POWER PLANT TYPE 	 (FATALITIES/MILLION PEOPLE/YEAR)
 
Coal-Fired 300(1) 
Oil-Fired 250(1) 
< I(2)Nuclear Fueled 

(1) [Forbes-741
 
(2) [AEC-74-41
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The amount of plutonium, recovered from the spent fuel reprocessing

(mainly of LWRs), needed to manufacture a nuclear explosive is about 16
 
pounds. The future growth of the nuclear energy industry will depend to
 
a large extent on the recycling of the plutonium for use in LWRs and the
 
breeder reactors. Thus, relatively large amounts of plutonium will be
 
circulating in the nuclear fuel cycle. The potential of plutonium as
 
weapons grade material and as a high radio-toxic biological poison,
 
presents a dangerous situation to national security and public safety.
 
The most vulnerable sectors for diversion of nuclear materials are
 
considered to be the areas of fuel reprocessing, fuel fabrication and
 
transportation.
 
Spent fuel elements as well as nuclear waste materials could be
 
subjected to a conventional explosion by terrorist actions during the
 
transportation of such materials.
 
Another area of concern is the sabotage of facilities in the nuclear
 
fuel cycle. In particular, nuclear power plants and fuel reprocessing

facilities would be the most probable targets due to the added impact of
 
radioactive releases. In the case of a nuclear plant, the damage produced

by reactor sabotage is comparable to the consequences resulting from some
 
of the accidents postulated in the safety analysis of the-plant.
 
Plutonium toxicity has been singled out as a very unique property.

However, there are natural and industrial materials capable of producing

health impacts as large as those attributed to plutonium. No proper

training or special capability are needed to handle some of these
 
materials.
 
Damages caused by sabotage of a nuclear facility or of a shipment of

nuclear material, resulting in radioactive contamination of the surrounding
 
area. would be covered by the Price-Anderson insurance and indemnity agree­
ments. However, theft of nuclear material followed by damage resulting

from its misuse at a location other than a power plant site or from the
 
shipment on a planned transportation route probably would not be covered
[NI-75-I].
 
Impacts From Waste Heat Disposal
 
There are limits on the convertibility of heat into other
 
energy forms-. In all machines inwhich heat is converted to work, a
 
substantial portion of the heat input is invariably discharged to the
 
environment. This appears to be a 
fact of nature with no exceptions

known or.expected.
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Although inmany situations electrical energy can be utilized more
 
effectively than other forms, there is a considerable heat waste in the
 
generation of electrical power. Heat from the combustion of fossil fuel
 
ina boiler, or from the fission of nuclear fuel in a reactor, is used
 
to produce steam at high temperature and pressure. The steam, in turn,
 
drives a turbine connected to a generator. After qoing through the turbine
 
and producing a certain amount of work, the steam isconverted' back into
 
water in a condenser.
 
The process of steam condensation is accomplished by passing large
 
amounts of cooling water from a water supply system through the condenser
 
of a steam electric generating plant. The water supply may be in the form
 
of a river, lake, estuary or ocean waters. In this process, heat is added
 
to the cooling water, which when returned to the supply body isthe origin

of the thermal effects on the environment.
 
The simplest and most commonly employed method for provision of
 
cooling water to the condenser in a power plant is the single-pass or
 
once-thtough system. Water iswithdrawn from an available source such
 
as a river, lake, bay, estuary or ocean, and pumped through the condenser.
 
After passing through the condenser, it is discharged back into the source.
 
The points of intake and discharge are separated so that there is a minimal
 
recirculation of water which has been through the system. The rate of
 
water pumping through the condenser depends on the size of the plant and
 
on the water temperature increase expected. A 1000 MW plant would require

about 500,000 gallons per minute for about a 20'F temperature rise of the
 
water.
 
In some cases, to avoid tkermal discharges to public water bodies or
 
when there is no water capacity to cool the large power plants being built
 
today, a cooling pond or artificial lake-is employed. Cooling of the
 
discharge water occurs through evaporative cooling, direct transfer of
 
heat to the air, and radiation. The pond or lake must receive make-up
 
water to compensate for the evaporation loss. The cooling pond is generally

designed to-function as an adjunct of thexpower plant and is seldom used
 
for any other function.
 
When new power plant sites have water supplies inadequate for once­
through cooling or where recourse to a cooling pond or artificial lake
 
is not a viable course of action, electric utilities are turning to cooling
 
towers. The most common types of cooling towers are the evaporative or.wet
 
type, whether mechanical or natural draft. Inwet cooling towers, the water
 
is brought in direct contact with a flow of air, and the heat is dissipated
 
to the atmosphere, principally by evaporation of some of the cooling water.
 
Make-up water isadded to replace evaporative losses.
 
Where addition of water to the atmosphere or the consumptive loss of
 
water is unacceptable, the dry type cooling towers miqht be installed.
 
In this method of cooling, water circulates inside the tubes of a radiator
 
and air is blown by fans past the outside of the tubes to remove the
 
heat from the water by a combination of conduction and convection heat
 
transfer. No water is lost since it circulates ina close loop without
 
contacting the cooling air.
 
-Atmb,§pherid Imbdcts
 
Inall the power plant cooling methods discussed above, the waste
 
heat is eventually transferred to the atmosphere. In estimating the impact
 
of the rejected heat on the weather conditions, both the surface area over
 
which heat is transferred and the dispersion characteristics of the atmosphere
 
.are important. It is the concentration of large amounts of waste heat in a
 
relatively small region that will, tax the capability of the atmosphere to
 
assimilate the heat locally [Rotty-74-1]. On the other hand, when the heat
 
is dispersed over a large area, the thermal impact isminimized. Table
 
J.2.2-19 illustrates the effect of localized heat sources ("urban heat
 
islands") on the climate of cities. Other effects not, included inTable
 
J.2.2-20 are less snowfall due to melting in going throuqh a warmer urban
 
atmosphere and longer frost-free growing season.
 
The clustering of electric generating plants within relatively small
 
geographical areas can have changes in climatic conditions similar to the
 
city heat island. The flux heat density provides an indication of the
 
potential impact of a power plant as a heat island. In-most cases, the
 
heat rejected to the atmosphere is much more concentrated than that released
 
from cities. In fact, thi.s is the case for power plants using cooling
 
towers. Thus, greater impacts than those experienced in city atmospheres
 
can result. Comparative heat flux density for various sources is given
 
in Table 0.2,2-20.
 
Meteoro'logical consequences due to large addition of heat to the
 
atmosphere have been recorded. Table J.2.2-21 summarizes the character­
istics of the particular cases and the atmospheric impacts. Note that in
 
the case of a large cooling tower, the energy flux density exceeds that of
 
the French Meteotron (an array of oil burners). However, the meteorological
 
impact of large quantities of heat added to the atmosphere over small areas
 
cannot be specified at the present time. It isevident that the heat releases
 
from large power plants (especially nuclear) are comparable with the heat
 
discharges from other events that have caused perturbations and climate
 
changes of appreciable magnitude. Inorder to minimize the impacts, heat
 
should be rejected over as large an area as possible. In this respect,
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TABLE -1.2.2-19 	CLIMATIC CHANGES PRODUCED BY CITIES (after Landsberg, 1962)
 
EROTTY-74-11
 
Element Compared with rural environs
 
Temperature
 
Annual mean 1.0 to 1.50F higher
 
Winter minima 2.0 to 3.0°F higher
 
Relative humidity
 
Annual mean 6 percent lower
 
Winter 2 percent lower
 
Summer 	 8 percent lower
 
Dust particles 	 10 times more
 
Cloudiness
 
Clouds 5 to 10 percent more
 
Fog, winter 100 percent more
 
Fog, summer 30 percent more
 
Radiation
 
Total on horizontal surface 15 to 20 percent less
 
Ultraviolet, winter 30 percent less
 
Ultraviolet, summer 	 5 percent less
 
Wind speed
 
Annual mean 20 to 30 percent less
 
Extreme gusts 10 to 20 percent less
 
Calms 	 5 to 20 percent more
 
Precipitation
 
Amounts 5 to 10 percent more
 
Days with > 0.2 inch 10 percent more
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TABLE J .2.2-20. COMPARATIVE HEAT FLUX DENSITY FOR VARIOUS SOURCES (LARGE AREAS)
 
EROTTY-74-22
 
Solar Constant 
Average Solar Energy Trapped in 
Earth Atmosphere System (24 hour 
average) 
Average Solar Energy Flux at 
ground 
Anthropogenic Heat from Cities: 
Manhattan, New York City 

Moscow 

Washington, D. C. 

Los Angeles Basin 

Boston-Washington Metropolitan 
Area - (Projection for 2000 AD) 
Sheffield, England 
Waste Heat from Power Plants: 
Dresden and Brdidwood (over 
area for city of 1 million people) 
Dresden, LaSalle, Braidwood
 
(area sufficient to intlude all
 
three) 

Summit, Salem, Hope Creek 
(12 ml. x 5 mi.) 
Peach Bottom, Fulton, Summit, 
Salem, Hope Creek, Bainbridge, 
Conowingo (50 mi. x l0 mi.) 
Area 
Km2 
8 
5.1 x 10 
5.1 x 10 
59.8 
878 

173 
101000 
31,200 
48 
230 
634 
155 

1,294 
Heat Flux Density
2 
Fraction of 
Solar Flux 
W/m at Ground 
1352 
246 
160 1.00 
630 3.94 
127 .79 
44 .28 
7.5 05 
36 .23 
'19.2 .12 
35.3 .22 
19.5 .12 
73.8 .46 
22.1 .14 
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TABLE J.2.2-21. EFFECTS OF LARGE HEAT ADDITIONS TO THE ATMOSPHERE ROTTY-74-23
 
Phenomenon Energy Rate Area Energy-Flux Meteorological Consequences 
(Mw) (1cm 2 ) Density 
a. large brush fire 
b. 	 Forest Fire Whirlwind 
c. VNf Fire Storm 
d. 	 Fire at Hiroshlima 
e. 	 Surtsey Volcano 
f. 	 Surtsey Volcano 
g. 	French Meteotron 
h. 	Meteotron 
I. 	 Single large cooling tower 
3. 	 Array of large coaling 
towers (Nucl.Park) 
100,000 S01, 2000, 
12 

100.000 <1 100, 000 
200,000 1 200,000 
700 .0032 219,000 

350 .016 22,400 
2,250 .0046 484,000 
72,0Cr' 4 18,000 
(Relatively small energy flux rate, very large area) 
Cumulus cloud reaching to a height of 6 km formed 
over 1/10 area of fire. Convergence of winds Into 
a fire ar" 
Typical whirlwind: Central tube visible by whirling 
smoke and debirs. Diameters few feet to several hun­
dredfeet. Heights few fect to 4,00O ft. Debrispicked 
up - logs up to 30 inches in diameter, 30 ft. long. 
Turbulent column of heated air 21/2 miles in diameter. 
Fed at base by Inrush of surmace air. Qne and a half 
miles from fire, mind speeds increased from 11 to 33 
mph. Trees 3 feet in diameter were uprooted. 
(10-12 hours after A-bomb). "The wind grew stronger, 
"andsuddently probably because of the tremendous 
convection set up by the blazing city - a whirlwind ripped 
through the park. Huge trcis crashed down; small ones 
were uprooted and flew Into the air. Hligher, a wld 
array of flat things revolved i the twisting funnel..." 
The vortex moved out onto the river, where it sucked up 
a water spout and eventually spent itself. 
Permanent cloud extending to heights of 5 km to 
9 kan. Continuous sharp thunder and lightning, 
visible 115 on away. (Phenomenon probably 
peculiar to volcano cloud with many small ash 
particles). Waterspouts resulting from indraft 
at cloud base, caused by rising buoyant cloud. 
WhIrlwinds (waterspouts and tornadoes) are 
the rule rather than the exception. More often 
than not there is at least one vortexAownwind. 
Short Inverted cones, or long, sineous horizontal 
vortices that curve back up into the cloud, and 
intense vortices that extend to the ocean surface. 
"artielal thunderstorms, even tornadoesmany 
cumulus clouds...substantial downpour. Dust 
devils. 
15 minutes after starting the burners, observers 
saw a whirl 40 meters ia diameter.. whirlwind 
so strong burner flames were inclined to 45D. 
Unknown 
Unknown 
Gl0?AS 
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once-through cooling has a major advantage over the other cooling methods.
 
Although cooling lakes and ponds could be placed in the same category as
 
once-through cooling, their impacts are usually larger since economics
 
dictate that as little land as possible should be devoted for these methods.
 
Other atmospheric impacts include fogging, icing, drift and vapor
 
plumes for cooling ponds, lakes and cooling towers.
 
Ecological Impacts
 
Some of the ecological impacts associated with temperatures increases
 
due to waste heat rejection to various water bodies are shown in Figure
 
J.2.2-8.
 
Water eutrophication is a natural phenomena in water bodies. It is
 
more noticeable in lakes and reservoirs which do not have a large flow­
through. Most lakes gradually become more fertile with the passage of time.
 
This process, known as eutrophication, results from the accumulation of
 
organic wastes and the addition of inorganic nutrients such as nitrogen
 
and phosphorus from the surrounding watershed. FBrown-71l Man has accel­
erated this process by addition of nutrients in sewage waste. Thermal
 
discharges may further accelerate the process by increasing the temperature
 
of the upper layers of the water body, promoting, for example, algae growth
 
rate. Eutrophication eventually results in lower water quality throuoh a
 
loss in oxygen available for fish that inhabit the lower levels of the
 
water.
 
When an ecosystem is placed under stress, it leads to reduction in
 
species diversity. The species that are more tolerant to stress (temper­
ature increases) survit:. Usually, they are the noxious ones (blue-green
 
algae). [Brown-71]
 
Discharges of heated effluent to rivers that host species of fish
 
which migrate to spawn may produce a thermal block to the movements of
 
such species, unless care is taken to confine the area of temperature
 
addition to a portion of the river.
 
Thermal effects of a power station may appear even though the tem­
perature of the water body after mixing is not raised materially. Water
 
which passes through the condenser is heated considerably in a very short
 
time interval. Some of the dissolved oxygen islost from the water as it
 
is heated. The solubility of oxygen inwater decreases with increasing
 
temperature.
 
Free floating organisms are of great importance in the aquatic life
 
of estuarine waters. Studies have shown that such organisms, which are
 
entrained in the water because they are small and free-floating, do not
 
survive passage through the condenser very well.
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The factors involved in an analysis of the effects of thermal load­
ing of a particular aquatic system are very complex, and no single index,
 
such as change in fish catch, can provide an adequate testimony to the
 
effects of a particular installation.
 
Impacts From Nuclear Shipment Accidents
 
The operation of nuclear reactors will usually require the trans­
portation of three different types of materials to and from reactor
 
facilities. Unirradiated nuclear reactor fuel elements are transported
 
from fuel fabricators to the reactor. Irradiated fuel elements and nuclear
 
waste are shipped from reactor facilities to fuel reprocessing plants and
 
to disposal sites. Also, the radioactive products of the spent-fuel
 
reprocessing plants consist primarily of recycled nuclear fuel materials
 
shipped to fuel fabricators or processors and both high and low-level
 
waste shipped to storage or disposal sites.
 
The Department of Transportation (DOT) has estimated that there are
 
nearly one million shipments of nuclear materials each year. About 95%
 
of the shipments involve small quantities of nuclear isotopes for use in
 
industry, medicine, agriculture, and education. By comparison, the total
 
number of shipments of nuclear materials to and from nuclear power plants
 
in 1971 probably numbered only a few thousand [Brobst-74].
 
Protection of the public and transportation workers from radiation,
 
during shipments of nuclear fuel and wasteis achieved by limitations on
 
both the contents and the package design. Because nuclear shipments move
 
in routine commerce and on conventional transportation equipment, they are
 
subject to normal transportation accident environments.
 
A highly developed and sophisticated system of protection has evolved
 
for the transportation of nuclear materials. This system is based on a
 
simple principle: if the package contains enough radioactivity to present a
 
significant risk of injury or large property loss if released, then the
 
package (Type B)must be designed to retain its contents during severe
 
transportation accidents. Lesser quantities of radioactive materials do
 
not require as much protection, but still must be packaged in high quality
 
packaging (Type A) designed to withstand less severe transportation
 
accidents [Brobst-74].
 
The transportation of nuclear materials is subject to regulation by
 
both DOT and the NRC.
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Nuclear wastes which are shipped around the country to various
 
processing, storage, or burial sites fall into four general categories:
 
(a)low-level wastes, (b)high-level wastes, (c)alpha wastes, and (d)
 
other waste.
 
Low-level wastes contain such low concentrations or quantities of
 
radioactivity that they do not present any significant environmental hazards.
 
High-level wastes are solidified wastes from the reprocessing of highly
 
irradiated nuclear reactor fuels. The waste is inert, immobile, solid
 
material which is nonexplosive, non-combustible, and cannot turn to gaseous
 
form and become airborne. Alpha wastes usually consist of materials which
 
are contaminated with alpha radiation emitters such as plutonium. Other
 
wastes are predominantly of the beta-gamma type, such as the irradiated
 
reactor structural components.
 
Shipments of nuclear material during 1985 will be nation-wide,
 
but will predominantly be in the eastern part of the United States. The
 
number of shipments and quantities of waste are given in Table 3.2.2-14.
 
For truck accidents, the injury rate is about 0.65 injuries-per
 
accident and the death rate is about 0.,03 deaths per accident. The accident
 
rate for shipments is about 1.7 accidents per million truck miles and about
 
0.53 accidents per million truck miles for hazardous materials shipment
 
[DOT-74J. The accident rate for rail accidents is about 1.5 accidents
 
per million car miles. There are about 2.4 injuries per accident and about
 
0.26 deaths per accident. These statistics are for 1972 [DOT-73].
 
To date there have been no injuries or deaths of radiological nature
 
due to the transportation of nuclear materials. There have been a few
 
cases of truck drivers being killed or injured as a result of a collision
 
or overturn of vehicles carrying nuclear materials. In none of these
 
accidents, however, was there any release of nuclear materials from Type B
 
packages.
 
In recent years, DOT has recorded an average of 8000 to 9000 inci­
dents per year involving the transportation of hazardous materials inwhich
 
15 to 20 involve nuclear materials EBrobst-74]. Almost all of these inci­
dents involved Type A packages. In about two-thirds of these cases, there
 
was no nuclear material released from the packages. In a few percent of
 
the cases, there was significant contamination requiring cleanup. The
 
cleanup costs ran into the thousands of dollars.
 
Ina 1972 study [AEC-72-l], the Atomic-Energy Commission (now NRC)
 
estimated that under normal conditions of spent fuel and radioactive waste
 
shipment, each truck driver could receive a radiation dose of as much as
 
30 mrem per shipment. A few members of the general public could receive
 
as much as I mrem per shipment. By comparison, the average annual exposure
 
from other sources (such as natural radioactivity of the earth, medical
 
exposures, and cosmic radiation) is about 150 mrem.
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Based on DOT accident statistics, we can calculate how many accidents
 
involving nuclear shipments might be expected each year. Assuming 100,000
 
truck-miles per year of transportation for each nuclear power plant and
 
with 190 such plants by 1985, one can expect about 10 accidents per year
 
involving nuclear reactor shipments. Those accidents will produce 24
 
injuries per year, and about 3 deaths per year. Inthe case of rail ship­
ments, assuming 15,000 railcar miles per year per reactor, there might be
 
about 5 accidents with 11 injuries and 11 deaths per year. These deaths and
 
injuries would not be related to the nuclear nature of the shipments.
 
The vast majority of accidents involving nuclear shipments will result
 
inno release of nuclear materials, or injury or death due to radiation.
 
According to another AEC study, only about one transportation accident
 
inevery two million could be violent enough to cause a large enough cask
 
break to present a serious public hazard.
 
Impacts From Hiqh-Level Waste Manaqement
 
High-level nuclear waste originates when fuel discharged from a
 
nuclear reactor is reprocessed to recover the unused fuel and the fis­
sile isotopes (olutonium) produced. Chemical dissolution and treatment
 
of the spent fuel yields an acidic aqueous solution. Typical constituents
 
of the high-level waste (solvent extraction method) are shnwn inTable
 
0.2.2-22 FAEC-74:11 Estimated ouantities of high-level waste for 1985
 
are included inTable J.2.2-14.
 
Burial ina deep geologic formation, such as salt, would free man
 
from the burden of continuing surveillance and control. The potential ad­
vantage of salt over other rock types as a medium for waste disposal of
 
high-level radioactive waste isthe stability shown over many several
 
hundred of millions of years. Being soluble inwater, the very presence
 
of salt inmass-ive bodies beneath the ground attest to the fact that
 
salt has, ingeneral, been isolated from circulating ground waters for
 
this period of time. For any form of geologic storage, it is only through
 
transport inground water that buried solidified wastes could come into
 
contact with man's environment [AEC-74-I].
 
Interim storage for periods of up to 30 years indicates a cost of
 
about 0.015 mill/kwhe. For a 50-year storage period, a cost of approx­
imately 0.025 mill/kwhe seems reasonable. [Kubo-73]
 
Table J.2.2-22 indicates that the total amount of fission products
 
(not including uranium) isapproximately 30-kg per metric ton of fuel.
 
Assuming a fuel reprocessing load of 23 metric tons/year/GWe, (Table
 
J.2.2-14) this gives about 690 Kg of high level waste per year per GWe.
 
'Using a density of 1 gram per cc for solified high-level waste (acon­
servative value), it[AEC-74-1] yields a volume of 690 liters/year/GWe.
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TABLE J-.2.2-22. TYPICAL MATERIALS IN HI-LEVEL LIQUID WASTE EAEC-74-1)
 
Grams/MT from Reactor Tvne(a) 
aterial LI) I;TGRto ) LNFBR(e) 
Reprocessing 
Chemicals Hydrogen 400 3,800 1,300 
Iron 1,100 1,500 26,200 
Nickel 100 400 3,300 
Chromium 200 300 6,900 
Silicon -- 200 --
Lithium -- 200 --
Boron - -- 1,000 --
Molybdenum -- 40 --
Aluminum -- 6,400 --
Copper -- 40 --
Borate 
NI trate 
.. 
65,800 
.. 
435,000 
98,ogo 
244,000 
Phos;pha te 900 .... 
So I.zEe -- 1,100 --
Fluoride -- 1,900 -­
Sub-total "_1T5t,. 4=7-0 -,OT' 
Fuel Product 
Losses f,g) Uranium 4,800 250 4,300 
Thorium -- 4,200 --
Plutonium 40 1,000 500 
Sub-total 4,840 5,450 4,800
 
Transuranic
 
Elements(g) 	 Neptunium 480 1,400 260 
Ameri ci um 140 30 1,250 
Curium 40 10 50 
Sub-total 	 660 1,440 1 , 0 

Other Actinides(g) <0.001 20 0.001
 
Total Fission Products (h )  28,800 79,400 33,000
 
TOTAL 103,000. 538,000 419.000
 
a. 	Water content is not shown; all quantities are rounded.
 
b. 	Most constituents are present in soluble, ionic form.
 
c. 	U-235 enriched PWR, using 378 liters of aqueous waste per metric to'n, 33000 
MWd/MT exposure- (Integrated reactor power is expressed inn.egawatt-days 
[Mwd] per unit of fuel inmetric tontS [MT].) 
d. 	Combined waste from separate reprocessina of "fresh" fuel and fertile particles,
using 3,785 liters of aqueous waste per metric ton, 94,200 dI.IdJtrexposure. 
e. 	Mixed core and blanket, with boron as soluble poison, 10' of claddinq dissolved,
 
1,249 liters per metric ton, 37,100 MWd/Ml average exposure.
 
f. 	0.5% product loss to waste.
 
g. 	At time of reprocessing.
 
h. 	Volatile fission products (tritium, nohle qases, iodine an-d bromine) excluded.
 
40 GINAU PAG, 19 
1DkLWOR Iws 
J-39 
Based on approximately 1060 GWe-years (from Figure J.2.2-1), the amount
 
of solidified high-level waste that will accumulate between 1975 and
 
1985 is around 24,000 cubic feet. Considering the relatively small
 
amounts of high level waste that are being generated presently, the
 
wastes can be stored at individual power plants until a repository be-.
 
combs available.
 
Technological Impacts
 
The technology for providing the nuclear fuel cycle requirements
 
is available. Improvements in the gaseous diffusion process will increase
 
the capacity for fuel enrichment after the Cascade Up-grading Program
 
and Cascade Improvement Program are implemented. The introduction of
 
the gas centrifuge will constitute a technological asset since it is
 
less energy intensive than the gaseous diffusion process.
 
The decision to recycle plutonium has been postponed until 1978.
 
If plutonium recycle is favorably considered, then greater safety must
 
be emphasized in the fuel cycle. This is due to public health and safety

implications resulting from plutonium diversion or theft.
 
Long storage of high-level nuclear waste is under research and
 
development and an acceptable disposal method is not expected to be
 
available before 1995.
 
Some nuclear reactors of the boiling water type have been experi­
encing difffculties with respect to vibrations in the reactor core.
 
As a result, their power level has been degraded to 50 percent of the
 
naximum. 
Social/Political Impacts
 
Nuclear energy industry growth would be unlikely in the case of a
 
serious nuclear accident. Social pressure, at a higher level than now
 
exists, could create a moratorium on nuclear power plant construction.
 
The provisions of the Price-Anderson Act, regarding insurance and indem­
nity agreements by the Federal government to cover damages by a nuclear
 
accident ($500 million), may not be sufficient to cover medical expenses,

loss of income and the various damages which might occur. In addition,
 
there are presently no provisions for damages produced by misuse of
 
nuclear materials at locations other than nuclear plants and planned trans­
portation routes.
 
Some of the proposed legislation to regulate the nuclear industry
 
may have a negative impact if approved. For example, the Nuclear Energy

Reappraisal Act (HR 4971) terminates the granting of construction licenses
 
for-nuclear power plants pending action by Congress after a five-year
 
study by the Office of Technology Assessment. This bill is still in com­
mittee. [NN-75, 55]
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The public opinion is highly polarized with respect to the issues
 
concerning nuclear power. The intervening groups have effectively chal­
lenged the construction of power plants at the local and federal level.
 
As a result, construction schedules-in many plants have been delayed.
 
Pending Legislation (see also Appendix N)
 
The future of the nuclear electric industry depends to a large extent
 
on the public attitude toward this source of energy. In spite of the fact
 
that the nuclear industry is one of the most regulated activities in this
 
country, a lot of issues are still being debated at the local and national
 
level. Legislation has been proposed to expedite the growth of nuclear
 
power while other proposals tend to counteract the former by limiting
 
various activities and programs which are vital to the future of this industry.
 
Major nuclear legislation of the 94th U.S. Congress which was not
 
considered in Chapter 10 is presented in this appendix. These are summarized
 
and listed below LNN-75].
 
Bill Number Description
 
H.R. 2650 Energy Independence Act of 1975.
 
(S.594) Alters regulatory practices related
 
to electric utilities, and early
 
site work under some circumstances.
 
H.R. 3618, Plutonium Recovery Control Act
 
H.R. 6394 of 1975. Prevents licensing of
 
power reactors using recycled

plutonium pending a three-year
 
study by the Office of Technology
 
Assessment (OTA).
 
S. 1197 Plutonium Recovery Control Act
 
of 1975. This is similar to
 
H.R. 361B but does not specify a
 
time limit for the OTA study.
 
Nuclear Facility Licensing Act.
H.R. 3995 

Provides for early and separate
 
site reviews and licensing, allows
 
combined construction/operating
 
permit for pre-approved plants for
 
licensed sites, allows technical
 
aid to intervenors, ends mandatory
 
hearing for construction permit.
 
This is nearly identical to S. 1717
 
(H.R. 7002)
 
--
J-41
 
Bill Number Description 
S. 1439 Export Reorganization Act of 1975. 
Requires NRC to certify that a 
country importing nuclear facilities 
and materials from the U.S. has 
safeguards at least comparable to 
those of NRC. 
S. 166' Public Intervenors Assistance Act. 
Provides public funding to inter­
venors who demonstrate (to NRC) 
both a financial need and a contri­
bution to the nuclear licensing 
proceeding. 
All these bills are still presently under committee consideration.
 
J.2.3 IMPROVE OPERATIONS OF PUBLIC UTILITIES
 
The technical and economic future of the electrical utilities will
 
be addressed.
 
J.2.3.1 THE TECHNOLOGY
 
In a summary of the specific types, technical requirements and cost
 
of installing equipment associated with direct or indirect management of
 
electric demand are presented. The equipment represents options whose
 
preliminary evaluation indicates a need for further study. The equipment
 
falls into the following four categories:
 
Energy Storage Equipment -- Such equipment may be used with
 
either direct or indirect methods of load management.
 
Equipment Permitting Off-peak Operations Without Energy Storage 

In continuous operations, additional production equipment would
 
usually be needed.
 
Utility Control-Related Equipment -- Such equipment is needed
 
only with direct methods of load management. Itwould normally
 
be installed by the utility expert, insome cases, for rewiring
 
needed on the customer side of the meter to isolate circuits
 
being controlled from uncontrolled circuits.
 
Revenue Metering Equipment -- Revenue metering equipment capable
 
of distinguishing between KWH's consumed on-peak and KWH's
 
consumed off-peak.
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Those techniques related to the utility industry directly are discussed
 
in this section. Those related directly to the sectors are included below.
 
Electric utility experience with pumped hydro storage has demonstrated
 
that large-scale storage of energy can result in significant operating and
 
economic advantages for electric power systems. These advantages, and the
 
potential for conservation of scarce, high-Quality fossil fuels, have gen­
erated much interest. They appear to broaden the applicability and increase
 
the usefulness of energy storage~see Figure J.2.3.1-1).
 
Sharply increased fuel prices create a heavy penalty for older, inef­
ficient equipment. Natural gas as well as high quality distillate fuels are
 
becoming less available and more costly. Thus, incentives are growing rapidly
 
to use base load plants to also provide the electric energy now generated by
 
peaking and intermediate equipment -- an approach which requires storage of
 
off-peak energy generated by base load plants. The use of energy storage
 
in "peak shaving" isillustrated in Figure 3.2.31-ZL
 
Table J.2.3.1-1 illustrates the characteristics of various generating
 
and storage systems. [EULMC-74] The probable minimum economic size is
 
expressed in M4WH, the approximate capital cost in dollars/KW, the potential
 
efficiency and the energy/unit volume in KWH/m are depicted for six main
 
types of storage systems. These are the underground pumped hydro, compressed
 
air storage, batteries, hydrogen storage, superconducting magnets, and super­
flywheels. It can be seen that in/out storage efficiencies vary from 45% to
 
85%. Table J.2.3.1-2 provides a comparison of these storaqe concepts based
 
on a few solution criteria. [EULMC-74] It is. important to note-that the
 
storage systems are capable of conserving energy through the substitution of
 
nuclear fuel and coal for fuels such as distillates used for combustion
 
turbines. Moreover, combustion turbines are less efficient than an efficient
 
stbrage device storing energy from a highly efficient base load. The inter­
ested reader is referred to [Kalhammer-74] on the potential of most of the
 
above mentioned storage systems in electric utility systems.
 
The three most attractive storage technologies are pumped hydro,
 
compressed air, and primary batteries.
 
Underground pumped hydro -has been considered in combination
 
with the storage incaverns of storm drainage waters of certain
 
cities. The concept requires an upper reservoir for the pumped
 
storage as well as the underground reservoir to receive the
 
storm waters. Benefits of the concept include the anti-flooding
 
provision of drainage into the lower reservoir, conservation
 
of flood waters, location of the pumped storage plant practi­
cally at the load center, and possible use of the above ground
 
reservoir for recreational purposes (iffluctuation of its
 
level were sufficiently minimal.) The required R and D mainly
 
would be [FPC-74] investigation of excavation of underground
 
caverns, particularly with respect to the geological and seismic
 
conditions at sites for cities considering this concept.
 
_ _ _ _ _ _ 
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TABLE 

TYPE 

1. Underground Pumped
 
Hydro 

2.Compressed Air Storage 

3. Batteries 

4. Hydrogen Storage 

0 5.Superconducting Magnets 
6. Superflywheel 
lei 	 7. Combustion 
Turbine 
8. Steam Cycle
i Plant
 
J.2.3.1-1. CHARACTERISTICS OF VARIOUS GENERATING AND STORAGE SYSTEMS, [EULMC-74)
 
PROBABLE MINIMUM APPROXIMATE LIKELY ENERGY/ EXPECUTED
 
ECONOMIC CAPITAL COST POTENTIAL UNIT VOLUME LIFE
 
SIZE (MWh) ($KW) EFFICIENCY % (KWh/ma) (years)
 
so
10,000 200 65 2 
200 230 45 4 20 
10 150 75 250 20 
10 300 so 30 
10,000 700 85 20 30 
10 400 85 	 35 30 
20
50 MW 120 24 

30
500 MW 	 350 37 
TABLE 0.2.3.1-2. RELATIVE MERITS OF STORAGE CONCEPTS (0to 3 WITH 3 THE HIGHEST), [EULMC-74]
 
CRITERIA 

Economic Feasibility 

Environmental
 
Compatibility 

Impact on Material
 
Resources 

Siting Flexibility 

Operating
 
Availability 

Construction
 
Lead Time 

Safety 

Power System
 
Compatibility 

Impact on Fuel
 
Resources 

UNDERGROUND COMPRESSED SUPER-

PUMPED AIR HYDROGEN CONDUCTING SUPER-

HYDRO STORAGE BATTERIES STORAGE MAGNETS FLYWHEELS
 
3 3 3 1 0 2
 
1 1 3 3 3 3
 
3 3 2 2 1 3 
1 1 3 2 2 3 
3 1 3 3 1 2 
1 1 3 2 2 2 
3 2 2 2 2 2 
2 2 3 3 2 2 
2 1 3 2 3 3 
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Compressed air storage would use a modified gas turbine, a
 
separate compressor, and a generator. The compressor would
 
be driven by the generator operating as a motor during off­
peak periods to store air in a suitable space underground.

During periods of peak load on the electric system, the stored
 
compressed air would be burned with fuel in the gas turbine
 
to drive the generator. The required R and D relates mainly
 
to adopting and modifying existing equipment for air storage.
 
This islikely to be accomplished by industry as commercial
 
opportunities arise. Geological survey work for suitable
 
sites and investigation of energy losses in storing and movinq

air are also needed.
 
Storage batteries appear to be one of the likeliest energy
 
storage technologies to reach fruition. But so far no battery

exists whose performance and costs are adequate to compete
 
with pumped hydro storage. EPRI's battery program is directed
 
toward potentially cost-competitive advanced batteries based on
 
the sod'ium-sulphur, lithium-iron sulfide, and zinc chlorine
 
electrochemical systems. The possibility of engineerino lead­
acid batteries into near term utility eneroy storage systems
 
is also under assessment, by EPRI.
 
Ingeneral, there are-three possible duty cycles that can be used for
 
the operation of rechargeable storage batteries [EI-Badry-74]:
 
The daily cycle -- the storage system is charged at night and
 
during the early morning hours and discharged during the peak
 
load period. This cycle requires the minimum energy storage
 
capacity; however, itdoes not utilize all the available off­
peak energy.
 
The weekly cycle -- the storage system ischarged on the week­
end and also during the off-peak periods of the weekdays and
 
discharged during the peak load periods of the weekdays. The
 
weekly cycle requires more than twice the energy storage capa­
city needed for the daily cycle, but itwould utilize most
 
of the available off'peak energy.
 
The seasonal cycle -- the storage system is charged during
 
weekends and weekdays all year and only discharged when
 
system peak loads occur. 'This is usually during the summer
 
(but possibly the winter) season. This cycle is capable of
 
utilizing all the available off-peak energy, although it
 
tequires a prohibitive amount of storage capacity.
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Inconsidering the installation of rechargeable storage battery
 
capacity, energy capacity (KWH) as well as power capacity (KW) must be
 
considered. For example, any given amount of available off-peak energy

could be utilized with a number of different KWH/KW capacity combinations.
 
The optimum amount of installed battery capacity on any electric power
 
system is a function of the load shape, the amount, distribution, and
 
cost of available off-peak energy, and the desired mode of operation or
 
duty cycle. Table J.2.3.1-3 illustrates a summary of rechargeable storaqe
 
battery installed capacity:
 
The cost of battery capacity isan important element inthis study

and is usually represented in terms of dollars per kilowatt hour of
 
storage capacity. Capital costs of present day battery systems are in
 
the order of approximately $50/KWH. Projected capital costs of advanced
 
design battery systems currently under development have been projected
 
to be in the order of $20/KWH. It is interesting to compare the cost in
 
$/KW for a battery storage system with the installed capital c'osts for
 
gas turbines and pumped hydro storage. The installed capital costs for gas

turbines and pumped storage hydro range from $100 to $150/KW and $200 to
 
$300/KW respectively. The estimated base installed cost for an advanced
 
technology lead-acid battery system is $300/KW. [Brown-74] This figure

is based on a ten hour battery system.
 
Studies show that the larger storage capacity requirements of the
 
weekly cycle could economically limit the application of storage batteries
 
in electric power systems to the daily cycle operation.
 
Among the primary advantages of battery storage systems are:
 
Short lead time
 
Improved utility load factor
 
Remote operation
 
Inner city siting
 
Low maintenance cost
 
Rapid dispatch
 
Transmission savings
 
The disadvantages are:
 
Relatively high capital cost at present
 
Short life
 
Limited storage capacity
 
Inverter cost and electromagnetic interference
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TABLE J.2.3.1-3
 
RECHARGEABLE STORAGE BATTERY CAPACITY
 
Installed Battery
 
Power Capacity in
 
Battery Conversion Percent of Total
 
Duty Cycle Efficiency in Percent Syste& Installed Capacity
 
Daily 75 9
 
100 12
 
Weekly 75 15
 
100 20
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Advanced Transmission Systems
 
Cryogenic systems operate at temperatures much below ambient inorder
 
to take advantage of the fact that the electrical resistance of a metal
 
diminishes as its temperature is lowered. Although the ohmic losses in
 
the conductor are reduced, this benefit ispartially offset by the refrigera­
tion that isrequired to remove the heat leaking in from the outside and the
 
residual losses which appear as heat dissinated at the low temperature. Since
 
refrigeration requires a significant amount of power, care is required to
 
insure that there is a net reduction in the losses of the system. Economic
 
analysis'shows, however, that energy losses are not significant contributors
 
to operating costs. Rather it is important that cryogenic systems have
 
lower installed-capital costs since these dominate the overall costs.
 
Cryogenic systems are of two types: cryoresistive and superconduct­
ing. In the former, the resistance of the metal remains finite although

it is considerably reduced below its value at room temperature; in the
 
latter the DC resistance of the material becomes identically zero when the
 
metal becomes superconducting, although certain losses remain when the
 
metal is exposed to alternating currents and electromagnetic fields.
 
Two types of cryoresistive cable systems have been proposed, both
 
of which operate at approximately 80'K and are cooled by liquid nitrogen.

In one, stranded flexible aluminum conductors are insulated in a manner
 
similar to a classical oil-paper cable. The three phases are contained
 
within a cryogenic enclosure through which flows liquid nitrogen as the
 
coolant and impregnant. This type of system isproposed for high power

operation at approximately 3500 MW. The second cryoresistive system con­
sists of three hollow rigid phase conductors mounted within a single
 
vacuum envelope. The vacuum provides both thermal and electrical insula­
tion between the phase conductors and between the conductors and the
 
enclosure. The coolant flows inside the conductors. It is claimed that
 
this design permits simple fabrication and inexpensive assembly. It is
 
designed for a capacity of 1000 NW at 230 kV, but can be expanded to 2000
 
MW by the addition of three refrigerators to the original single unit.
 
Both types of cryoresistive systems have gone through experimental stages

and are approaching demonstration project status. [FPC-731
 
Two superconducting AC systems are now under development in the U. S.
 
Inone design, three coaxial phase systems, in which the niobium super­
conductor is plated upon copper tubes, are arranged in trefoil. The liquid
 
helium, acting as coolant and dielectric, flows between each phase conductor
 
and its shield. The whole is contained within the double-walled vacuum
 
cryogenic enclosure, The system is rigid and its field installation involves
 
approximately 8 vacuum-tight or superconducting connections at 50 foot inter­
vals. The second superconducting system more.closely resembles a cryogenic

Yersion of the pipe-type cable. The cryogenic enclosure is assembled in
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sections and into it is pulled a flexible superconducting cable in which the
 
three phases are insulated from one another by plastic tape. Both systems
 
operate at approximately 5°K. At this temperature, the power requirements

and the capital costs of the refrigeration systems are high. For example,

approximately 400 watts input power are required for each thermal watt
 
that must be extracted at 40K. The refrigerator adds substantially to the
 
cost and hence it is essential that the AC losses and the heat leak into
 
the cryogenic conductors be reduced to the minimum in superconducting
 
systems. [ERC-72] Table J.2.3.2-4 shows the Alabama Power Company Income
 
Statement (1973).
 
Because the current ratings of proposed cryogenic resistive and suDer­
conducting AC cables are substantially greater (3 to 5 times or more) than
 
those of conventional underground cables or overhead lines, presently avail­
able circuit breakers are inadequate by a wide margin for protection of the
 
superconducting or cryogenic cables. Thus, major advances in circuit
 
breaker technology are essential if integration of proposed superconducting
 
or cryogenic cables into existing power systems isto be considered. Further­
more, the research and development on circuit breaker technology must proceed
 
apace with the work on cables. Otherwise, successful development of lines
 
will not lead to their system use. Similar problems may exist with other
 
terminal equipment such as potheads, surge suppressers, disconnect switches,
 
etc. Itis essential to make comprehensive studies of proposed.new trans­
mission technologies to identify the problems of auxiliaries and the costs
 
of integrating new transmission technologies into existing power networks.
 
J.2.3.2 THE ECONOMICS
 
Considerable discussion of utilities' economic health is goinq on.
 
Chapter 1 and Appendix N as well as this appendix and Chapter 10 contain
 
information on the economic problems confronting utilities.
 
J.3 ACTIONS INOTHER SECTORS
 
0.3.1 INDUSTRY
 
Increased efficiency isa benefit of electrification.
 
J.3.2 TRANSPORTATION
 
In order to utilize appreciable electricity, the transportation sector
 
would have to be completely redesigned. The potential for efficiency

improvements isvery large by electrification of transportation.
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TABLE J .2.3.2-4. ALABAMA POWER COMPANY INCOME STATEMENT, 1973 [APCSR-74
 
OPERATING REVENUES - ELECTRIC 

OPERATING EXPENSES - ELECTRIC:
 
Operation
 
Fuel 

Purchased and interchanged power, net 

Other 

Maintenance 

Depreciation and amortization 

Taxes other than income taxes 

Income taxes
 
Federal 

State 

Deferred 

Deferred in prior years, credit 

Investment tax credit
 
Total income taxes 

Total operating expenses 

OPERATING INCOME - ELECTRIC 

OTHER INCOME AND DEDUCTIONS:
 
Allowance for funds used during construction 

Dividends from SEGCO 

Other, net 
INCOME BEFORE INEREST CHARGES 
INTEREST CHARGES: 
Interest on first mortgage bonds 

Othet interest expense
 
Total interest charges 

INCOME BEFORE EXTRAORDINARY ITEM 

EXTRAORDINARY ITEM:
 
Dividends from SEGCO paid from earnings
 
accumulated prior to January 1, 1963
 
NET INCOME 

DIVIDENDS ON PREFERRED STOCK 

NET INCOME AFTER DIVIDENDS ON PREFERRED STOCK 
396;841
 
84,573
 
17,140
 
57,240
 
26,419
 
40,605
 
30,241
 
23,869
 
779
 
19,252
 
2,171­
44,076
 
300,29
 
96,547
 
23,871
 
1,919
 
7,990
 
50,441
 
55,472
 
74,855
 
74,855
 
9,766
 
65,089 
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J.3.2.1 FIXED RAIL
 
Some of the high speed passenger railway lines in the United States
 
are now driven electrically. However, less than one per cent of the
 
220,000 track miles have been electrified. This is compared with electri­
fied railway systems in some other nations, such.as 13,000 route miles in
 
Russia, 6,000 miles in Japan, 6,000 in Italy, 5,000 in France and 4,700
 
in Sweden. The reasons for this lack of U. S. railway electrification are
 
noted as:
 
Competition from other modes and insufficient traffic to
 
warrant electrification.
 
Insufficient interest from electric power suppliers and the
 
railroad managements.
 
Lagging electrification technology compared with advanced
 
diesel-electric locomotives.
 
High capital electrification cost.
 
An abundance of cheap diesel fuel (until the current energy
 
shortage).
 
Inan electric economy where the primary energy is supplied by nuclear
 
fuels and/or coal, railway electrification becomes a vital issue. It
 
appears that those routes enjoying a sufficiently high freight density to
 
warrant the high capital cost should be electrified. The remainder could
 
be powered by hydrogen, a fuel product of the electric economy.
 
Some obstacles to railroad electrification seem to be:
 
The inflexibility of the electric locomotive (itcan only
 
operate under an electric wire).
 
Reluctance of railroads to depend on other companies (e.g., an
 
electric utility) for its source of power, particularly when the
 
utilities have not appeared interested.
 
Uncertainty regarding future cost of electric power vs. other
 
alternative fuels.
 
Present large investment in diesel-powered locomotives and
 
the problem of economically phasing them out.
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The need for cooperative contracts with the various utilities
 
in the area common to the railway system
 
The tremendous capital outlay to finance the original installa­
tion.is on the order of $100 million per 1000 track miles. This
 
is by far the greatest hurdle to electrification. The railroads
 
simply cannot finance this capital cost! Their rate of capital
 
formation is insufficient. Someone else must assist. One
 
possibility, of course, would be for the electric utility industry
 
to finance the installation of the catenary distribution system
 
for supplying power to the locomotives similar to the way they
 
provide distribution systems to their other customers. The
 
railroads would still have to make the necessary investment in
 
signal systems, communications, clearances and replacement
 
locomotives. If the railroads only make this portion of the
 
investment, itappears that they can then earn a reasonable
 
return on their portion of the investment whenever the following­
conditions prevail:
 
Maximum operating speeds exceed 70 mph
 
The electrified route extends for at least 500 miles of
 
double track or 1,000 miles of single track
 
There is a minimum freight density of 35 million tons per
 
track per year
 
Where a significant portion of the traffic is in the
 
high performance category
 
Where the power cost does not exceed the cost of diesel fuel
 
These requirements apparently are met on about 10% of the track­
age or roughly_22,000 route miles. For this selected portion of
 
the U. S. railroads, electrification seems to offer many
 
advantages such as:
 
An annual saving of three billion gallons of diesel fuel
 
The number of wearing parts per electric locomotive are
 
thousands less than in a comparable diesel
 
The electric locomotive can be made with much more horsepower
 
J-53 
A roughly 15% lower first cost per locomotive.
 
Maintenance costs are reduced by two-thirds.
 
Economic life is doubled.
 
Down time for maintenance is reduced to one half.
 
Lower inventories are required:
 
10 to 20 days' supply of diesel fuel and lube oil no
 
longer needed
 
Around $1,000 of spare parts per engine not needed.
 
6,000 to 8,000 gallons of diesel fuel consumed per
 
engine annually while idling, would be saved.
 
Electric locomotives can be built in 9.000 to 10,000 hp
 
sizes and larger if necessary) whereas 6,600 hp seems to be
 
about the maximum practical size for a diesel. These larger
 
sizes mean fewer locomotives for a given load and speed
 
and hence a lower investment.
 
Savings in operating costs allow initial investment to be
 
recovered in less than 5 years.
 
Energy supply from nuclear fuel and/or coal would be assured.
 
The cost of this 22,000-track miles of electrification will be nearly
 
$2 billion. This appears large until we look at the $50 billion plowed
 
into the interstate highway system -- a cross country network of modern
 
highway which loses much of its advantage with a national speed limit of
 
55 mph! We already spend a billion dollars each year for air traffic
 
control and may soon require twice this amount for annual highway repair.
 
It has already been implied that this funding might possibly come via
 
the electric utilities themselves. Itcould also possibly come from
 
interested third parties who see the apparent opportunity for payback in
 
less than six years --a rather choice investment, and particularly so if
 
the federal government would provide a tax incentive. Another possibility
 
isfederal subsidy.
 
Total installation time for a 1,000 mile module is estimated at about
 
3 years, and the annual energy requirement is estimated at roughly one
 
billion kWh.
 
The references used in the discussion of fixed rail were sequentially
 
[Lancaster-75], [Silien-75], [Morris-75], [Heck-75], [Vanderslice-74],
 
[Fisher-74] and [Wyman-69].
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J.3.2.2 BATTERIES
 
Inan electric economy, the battery powered automobile and delivery
 
truck play an important role. The electric powered vehicle is not really
 
new. Back in the 1910-1920 era, several companies operated fleets of
 
electric vehicles.
 
There now exists over 108 electric delivery vehicles in the United
 
States and Canada. Their performance records are proving their cost
 
effectiveness over gasoline-powered fleet delivery vehicles. The required
 
cost of the necessary pollution control devices, the increased fuel cost
 
and much higher service and maintenance costs of multi-stop gasoline-fueled
 
vehicles should cause fleet operators to seriously examine the attributes
 
of currently available electric vehicles. In fact, the AM General Corpora­
tion is delivering 350 electric-powered jeeps to the postal service this
 
year.
 
Electric automobiles which are curtently available in the U. S. are
 
listed in Table J.3.2.2-1.
 
Other newcomers in the electric vehicle arena are the Otis electric
 
delivery van, the Battronic minivan and the Battronic truck. Some writers
 
are predicting that there will be somewhere around 5 million electric cars
 
in service by 1985.
 
There is no reason why all passenger and delivery vehicles operated
 
in urban and suburban areas could not be electric if only enough electrical
 
energy could be made available for charging the batteries. The electric
 
automobiles are more efficient than the gasoline-powered vehicles that
 
they replace. This is shown in Figure J.3.2.2-I. [Ankrum-741
 
Performance tests inwhich a conventional post office delivery van
 
and an electric van traveled the same route at the same time yielded an
 
energy cost of six cents per mile for gasoline vs. one cent per mile for
 
the electric van.
 
The electric vehicle can be recharged at night when utilities are
 
lightly loaded and hence obtain off-peak rates. The electric utilities
 
will beglad to even up their loads to a greater extent as well as
 
utilize more of their capacity at night. The electric vehicle will not
 
pollute the air. It does not idle at.stops and, hence, has an inherent
 
advantage for urban delivery-service. It makes no noise except for a
 
small whine during acceleration. This is important since noise pollution
 
is a major health and safety issue.
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TABLEnJ.3.2.2-1. AVAILABLE ELECTRIC AUTOS 
Weight 
Passengers 
Price 
Range 
Speed 
Citi Car 
1250 lbs. 
2 
$2690 or 
50 miles 
30 mpht 
Elcar 
1091 lbs. 
2 
$2995 Rr, 
r91.3395 - * 
50 miles 
30 mpht 
Islander 
2200 lbs. 
,4 
$5000.00 
*1,000 series 
**2,000 series 
tapproximate 
INPUT ENERGY UNITS REOUIRED 
CRUDE OIL 
EFFICIENCIES 
REFINERY 
80% 
TRANSPORTATION 
90% 
DISTRIBUTIONASSATIO 
GAS STATION 
98% 
AUTOMOBILE 
10% 
I Unit 
Useful 
I'fork 
INPUT ENERGY UNITS REQUIRED 
I 
NUCLEAR 
FUEL 
EFFICIENCIES 
NUCLEAR 
PLANT 
• 
35% 
' 
ELECTRIC 
TRNMSINAND 
90% 
BATTERY I Unit 
CHARGINGUseful Work 
USE 
, ,IN AUTO 
60% 
FIGURE J.3.2.2-1. COMPARISON OF THE ELECTRIC AND GASOLINE-POWER f CARS [ANKRU-74) 
Storage batteries are required for all electric vehicles. Some of
 
those receiving current attention are lead-acid, lithium chloride-potassium
 
chloride, nickel-zinc, sodium-sulfur, nickel-cadmium, and lithium-sulfur.
 
This last-named battery looks very interesting. The battery cells
 
were developed at the Argonne National Laboratory. The lithium-sulfide
 
test cells have produced as much as five times the energy produced by a
 
comparable lead-acid battery. Argonne engineers expect that ultimately
 
such cells will have lifetimes of 5 to 8 years and be capable of sustain­
ing between 1000 and 1500 charge and discharge cycles. A recent design
 
study [Walters-75] has shown that a 150-V battery with a storage capabity
 
of 42 kWh can be used to power a 1975 Ford Mustang II. The battery is
 
36" long, 21" wide and 22" high. Itweights 800 pounds. Instop-and­
start city driving, the range of the car will be approximately 120 miles.
 
The vehicle can accelerate to 50 mph in 15 seconds and to 60 mph in 23
 
seconds. The maximum speed will be about 80 mph. The projected cost will
 
be from $800 to $1250, whereas an equivalent lead-acid battery will cost
 
around $2500.
 
The battery of an electric vehicle must be charged daily and this is
 
a slow process. It is visualized that parking lots incities and at rail­
way stations and airports might be equipped with electrical outlets where
 
motorists could recharge while parking. Inthis way the parking fee would
 
be partly for the recharge.
 
Since the battery powered vehicle is limited in its range of travel,
 
it seems ideal for urban and suburban travel but not for extended high­
way trips. Itshould, however, team up well with the auto train whereby
 
the driver could relax, read, write, etc. during the trip instead of having
 
to endure the hardship of driving. He would still have his vehicle with
 
him, however, for local transportation at his destination. As an alter­
nate, airports and railroads might well consider the operation of auto
 
rentals for their customers. There might be less risk on the part of
 
these fleet operators in the case of electric vehicles than for gasoline­
powered vehicles.
 
J,3.2.3 ALTERNATE FUELS
 
Inan electric economy, alternate fuels play a vital role. Liquid
 
hydrogen exhibits a great potential as an aviation fuel because:
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It possesses a high energy content
 
It has a large cooling capacity
 
It produces a minimal environmental impact
 
Its supply is essentially unlimited
 
It will greatly improve the performance of subsonic and supersonic air­
craft, while for hypersonic transports itwill be a must. Liquid hydro­
gen is no more hazardous than methane or gasoline [Small-74], and further­
more, it possesses several safety advantages. The performance of hydro­
gen engines more than compensates for the increased size and added weight
 
of the required cryogenic fuel tanks. Use of hydrogen permits a change
 
in fuel tankage arrangement which yields a drastic reduction in take­
off weight of subsonic aircraft as shown in Figure J.3.2.3-1. Air
 
pollution is vastly reduced by burning hydrogen. The noise level is
 
reduced by using hydrogen as shown inFigure J.3.2.3-2.
 
Hydrogen fuel isexpected to become cheaper as its use increases.
 
It looks like the aircraft fuel of the future in an electrified economy.
 
Hydrogen could become a good replacement fuel for automotive gas­
oline and railroad diesel fuel in the electric economy. It could be
 
produced either by electrolysis or water splitting and hence be prac­
tically unlimited in supply provided adequate nuclear power were avail­
able. Itwould produce very small air pollution and practically none
 
if burned with oxygen. Hydrogen is not extremely hazardous, and in
 
fact, federal regulations already exist for its transportation and
 
storage. They are shown inTable J.3.2.3-1. A vehicle with a 20-gal.

liquid tank would require a 50-gal. liquid hydrogen Dewar. Metallic
 
hydrides also look promising as automotive fuels and insome respects
 
seem better than liquid hydrogen. Comparisons of these fuels are
 
illustrated in Table J.3.2.3-2. Storage and distribution systems
 
for hydrogen would be somewhat larger than for gasoline as shown in
 
Table J.3.2.3-3. Comparative requirements for the nation are shown
 
in Tables J.3.2.3-4 and J.3.2.3-5.
 
In general, an orderly conversion from gasoline to hydrogen fuel
 
would require an enormous national commitment Itcould be done, however,
 
and the public probably would hasten to this end'rather than forego driving.
 
An educational program would be required for training production-plant
 
and service-station personnel as well as for indoctrination of the
 
CURRENT TECHNOLOGY FUTURE TECHNOLOGY' 
JP FUEL LH FUEL JP FUEL LHI FUEL 
LSi -1< iC. 
PAYLOAD 
x 1-0 PAYLOAD 
JP FUEL L 
< PAYLOAD 
S Lit" JPPUIEL IALA 
t" t 
OWE OWE OWE O 
I-. -I 
*Supercritical aero, active flight controls composite materials 
FIGURE J.3.2.3-1. PROJECTED ADVANCED CARGO TRANSPORTS,
 
Mcruis 0.85 , RANGE = 5070 NAUTICAL MIL 5,
 
PAYLOAD = 250,000 LB. [SMALL-74]
 
FUELED SST HJP 
GROSS WT =W750.000 LBE- ­
0 FUE WITH CRRET TF 
SREQUIREMENTS 
FIGURE J.3.2.3-2. SIDELINE NOISE AT BRAKE RELEASE,M-3 SST. [SMLL-741
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TABLE J.3.2.3-1. [STEWART-74]
 
Regulatory Guidelines for Distribution of Hydrogen
 
Distribution Equipment Shipping Installation 
Method Specifications Regulations Standards 
Liquid Cylinders Title 49 
CFR 178.57 
Title 49 
CFR 173.316 
NFPA 50B 
Liquid Trailer ASME/(Ref. Special Permit 
CGA 341) 
Liquid Tank Car Title 49 Title 49 
CFR 179.400 CFR 173.316 
Liquid Customer ASME NFPA 50B 
Station 
Gas Cylinders ASME/Title 49. Title 49 NFPA 50A 
CFR 178.36-.37 CFR 173.302 
Gas-Cylinder 
Trailer 
ASME/Title 49 
CFR 178.36-.37 
Title 49 
CFR 173.302 
NFPA 50A 
Gas Pipeline ANSI B31.8 Title 49 
CFR Part 192 
TABLE J.3.2.3-2. COMPARISON OF FUEL
 
STORAGE'SYSTEMS FOR A VEHICLE RANGE OF 260 MI (418 KM) [STEWART-741
 
Cryogenic Compressed Metallic
 
Gasoline LH2 GH2 Hydride
 
Fuel:
 
weight, lb (kg) 118 (53.5) 29.5 (13.4) 29.5 (13.4) 400 (181)
 
(MgH2)
 
volume, ft3(m3) 2.6 (0.07) 6.7 (0.19) 35 (1.0) 8 (0.23)
 
(20 gal) (50 gal)
 
Tankage:
 
weight, lb (kg) 30 (13.6) 400 (181) 3000(1361) 100 (45.4)
 
3) 3 (0.08) 10 (0.28) 54 (1.53) 9 (0.25)
volume, ft3 (m

Total:
 
weight, lb (kg) 148 (67) 430 (195) 3030(1374) 500 (227)
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TABLE J.3.2.3-3. COMPARISON OF
 
GASOLINE AND LIQUID-HYDROGEN SYSTEMS [STEWART-74]
 
Gasoline LH2 
Total usage, billions of gal/yr(109 l/yr) 100 (379) 250 (946) 
Station storage, thousands of gal
(103 1) 15 (57) 38 (144) 
Distribution per station 
millions of gal/yr (106 1/yr) 0.36 (1.4) 0.90 (3.4) 
Delivery vehicle capacity, gal (1)8650 (32,740) 13,000 (49,205) 
Average number of deliveries/yr 41 72 or 42* 
Car tank size, gal (1) 20 (76) 50 (189) 
*If 22,000 gal (83,270 1)deliveries were made 
TABLE J.3.2.3-4. SUMMARY OF
 
LIQUID-HYDROGEN REQUIREMENTS [STEWART-74]
 
Liquid Hydrogen, %llions of
 
Item gal per yr (10 l/yr)
 
Consumed in automobile engines 250 (946)
 
Losses:
 
Producer to transport l.094b (4.141)
 
Transport boiloff 0.234 (0.889)
 
Transport to service station 2.105a (7.967)
 
Station boiloff 8.322 (31.499)
 
Station to automobile 11.695 (44.266)
 
Automobile Dewar Boiloff 18.25b (69.076)
 
Automobile Dewar chilldown 0.31 (1.173)
 
Total losses 42 (159)
 
Total production required 292 (1105)
 
alncludes line chilldown, line boiloff, left in line, and flashing
 
losses.
 
bAvoidable losses.
 
J-61 
TABLE J.3.2.3-5. LIQUID-HYDROGEN PRODUCTION
 
AND DISTRIBUTION SYSTEM COSTS [STEWART-74]
 
Billions of
 
Dollars
 
GH Electrolysis facilities 23
2135 plants of $170 million each
 
73 ton/hr (66,226 kg/hr) capacity each
 
Liquefaction facilities 48
 
800 plants at $60 million each
 
300 ton/day (272,160 kg/day)
 
capacity each
 
Service stations 60
 
300;000 stations at $200,000 each
 
(includes $100,000 for LH2 tanks)
 
LH2 transport trailers 2
 
20,000 trailers at $100,000 each
 
13,000 gal (49,2051) capacity for each
 
Total cost 133
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general public.
 
A selected list of alternate fuels could be chosen as:
 
Synthetic gasoline or other liquid hydrocarbons similar to
 
today's transportation fuels
 
Methane
 
Methanol
 
Ethanol
 
Hydrogen
 
Ammonia
 
Hydrazine
 
This list is by no means complete. For example, the metallic hydrides
 
may, after more research and development, prove to be very excellent
 
fuels indeed. The fuels which are more nearly ready for extended use
 
are methane, methanol, ethanol, and ammonia. Each has certain advan­
tages and disadvantages. Each can be produced in vast quantities
 
from resources which are plentiful, but a source of energy is needed.
 
This apparent energy source is nuclear, and since nuclear-thermal tech­
niques require more research, electricity must be generated from nuclear
 
produced heat. Hence, methanol can be synthesized in vast quantities
 
from water-derived hydrogen and coal-derived carbon dioxide.
 
An available technology exists today for utilizing solar energy
 
to grow suitable crops and then convert them into ethanol by fermenta­
tion. Inthis fashion, large scale solar-energy farms could be utilized
 
to produce vast quantities of ethanol, but the economics have not yet
 
been assessed.
 
Methanol is a cleaner burning fuel than gasoline, and this
 
makes itmore ecologically acceptable. Emissions are compared
 
in Table J'3.2.3-6 (note that MBT in this table refers to "Minimum
 
spark timing for Best Torque"). Furthermore, it can be made from coal
 
in vast quantities by supplying adequate energy (electrical energy in
 
this discussion).
 
One drawback of methanol as a transportation fuel is its low heat
 
of combustion per unit volume. Since its energy content is only half
 
that of gasoline, a fuel tank at least twice as large would be required.
 
The fuel economy of methanol compares favorably with that of gasoline
 
however as shown in Table J.3.2.3-7.
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TABLE J.3-.2.3-6. EMMISSIONS AT 50 MPH
 
CRUISE FOR METHANOL AND GASOLINE FUELS.
 (350-CID ENGINE OPERATED AT MBT SPARK TIMING FOR BOTH FUELS [FLLP4ING-75]
 
Air-fuel
 
Equivalence Emissions, Grams/Mile
 
Fuel Ratio CO HC NO
 
Methanol 0.99 22.5 1.29 (as CH13OH) 3.69
 
Gasoline 0.99 23.5 .1.67 (as CH ).85 7.95
 
TABLE J.3.2.3-7. FUEL ECONOMY AT 50 MPH
 
CRUISE FOR METHANOL AND GASOLINE FUELS
 
(350-CID ENGINE OPERATED AT MBT SPARK TIMING FOR BOTH FUELS) [FLEMING-75]
 
Air-fuel Fuel Economy
 
Equivalence Miles per Miles per
 
Fuel Ratio Gallon Energy Unit
 
Methanol 0.99 8.83 18.08
 
Gasoline 0.99 17.20 17.20
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A methanol fueled engine is difficult to crank at low temperature.
 
Furthermore, deterioration of some types of metal plating, certain plas­
tics and a few die cast carburetor parts have been reported with methanol.
 
However, it is believed that these problems can be overcome.
 
In spite of these problem areas, methanol looks promising as a
 
transportation fuel. Given enough electrical energy, it could be
 
produced in enormous quantities from readily available resources. It
 
is easy to handle, easy to store, is not hazardous, has low emission
 
potential, and a high thermal energy efficiency. Itmay well become
 
the transportation fuel of the future.
 
Fuels that can be synthesized from air and/or Water, include
 
hydrogen, hydrogen peroxide, hydrazine, and ammonia. Of these, am­
monia looks the most promising for the near future. Ammonia (or
 
any non-carbon fuel) will not contribute to carbon monoxide, carbon
 
dioxide, or unburned hydrocarbons in vehicle exhausts. Furthermore,
 
the nitric oxide will be less than one fifth of that in the case of
 
gasoline fueled engines. Ammonia has an extremely high octane rating

and achieves it without the use of lead or any other additives. The
 
heating value of ammonia is low compared with gasoline, and, therefore,
 
an ammonia tank for a vehicle would need to be about three times as
 
large as a comparable one for gasoline. Ammonia is toxic and caution
 
must be exercised in handling it. However, it has a characteristic
 
odor. Furthermore, it is lighter than air, so itwill have a tendency
 
to rise in the atmosphere and disperse. It does not constitute any
 
appreciable fire hazard. It is readily vaporized which is very essen­
tial for spark ignition engines. It is noted that copper, brass, and
 
zinc are attacked by ammonia and hence, any affected parts normally

constructed with these materials should be made of steel or aluminum.
 
On the whole, ammonia looks like another viable candidate for trans­
portation fuel in an electric economy. The various candidate fuels are
 
compared quantitatively in Table F.5-1.
 
J.3.3 	ELECTRIFICATION OF RESIDENTIAL HEATING, VENTILATION AND AIR
 
CONDITIONING (HVAC) SYSTEMS
 
Electrical systems are generally cleaner. Those incorporating a
 
heat pump can have greater fuel to end-use efficiency than any other
 
type system. [APC-75J Heat pumps are reversible air conditioners, and
 
many new houses have central air conditioning. Thus, supplying heat
 
pumps for the HVAC systems in new houses should have little effect on
 
the present economy. Regarding existing houses, installation of heat
 
pumps could replace both central air conditioning and worn out furnaces.
 
Lastly, heat pumps, as air conditioners in the past, could be added to
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present oil or gas furnace, hot air systems. Installation of three
 
million additional heat pumps, projected through 1980 and being prepared

for by training personnel [GE-1974], should have only a mild stimulating

effect on the economy. Considering a weighted national average (cf.

Appendix G.5) of 147.6 million BTUs/yr per family unit, the average

national savings in fuel oil, over the next five years, is 0.2 of a quad

each year. The former value was derived by considering the overall
 
electrical system efficiency (fuel BTUs to end use BTUs) of 33% or
 
multiplying the end use BTUs of 49.2 million (from Appendix G.5) by 3.
 
As implied above, the change to the heat pump systems would not be
 
limited by availability of materials or manpower for installation (same
 
as for central air conditioning). The only obstacle is public acceptance

and education; it is felt that a high acceptance could be achieved by
 
an intensive information program. The improvement in the nation's
 
status, noted above, warrants such a program.
 
In 1972, residential hot water systems required 1.7 quads, 65% being

from oil or natural gas [APC-75]. Changing these heaters to an electrical
 
type could save that many quads or 800 thousand bbl per day in oil (or
 
equivalents).
 
For each BTU delivered to an end-use consumer, three are required in
 
fuel. With electrical hot water heaters having an efficiency of 75%, four
 
BTUs in fuel are required for each one delivered to the water. For gas

heaters (50% efficiency), two BTU's of fuel are required for each BTU to the
 
water. Improved insulation, while improving both types, can make electrical
 
hot water heaters economically advantageous at 1975 prices for electricity

and natural gas. The advantage will increase with the anticipated, rising
 
price of natural gas.
 
The projected housing inventory for 1985 is89 million [PI-74]. Of
 
these, 39% or 32 million are expected to be electric. This would effect
 
an increase of 14 million over the electric heaters in use in 1972 [Wh-75].

The increase of electric hot water heaters from 16 million in 1970 [PI-74j
 
to 18 million in 1972 [Wh-75], or approximately one million per year, indi­
cates that the 1.4 million average required for the 14 million increase
 
over the ten years (1975 to 85) would require a 40% increase in production.

While this alone should have only a small effect on the economy, with
 
other equipment required for electrification, planning will be necessary
 
to reduce the total effect on the U. S. economy.
 
The main materials' requirements for the electrical equipment needed
 
in electrification are copper and steel. It seems probable that planning

and cooperation will be required to divert these materials from other users.
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There exists a problem created by rapidly growing air conditioning
 
loads for summer peaking utilities. Increased saturation of air con­
ditioning results in deteriorating load factors. The following measures
 
are recommended to reduce the adverse impact of increased saturation of
 
air conditioning:
 
More efficient air conditioning units.
 
Better building designs, in particular better insulation.
 
Storage of "cold" in the form of cold water, ice, or salt
 
hydrates.
 
Change of the pattern of use of other household loads to avoid
 
coincidence with system peak. This would require time of day

metering and a rate incentive to avoid peak periods.
 
Reduction of seasonal differences in load through encouragement

of electric heating inwinter (heat pumps in particular).
 
It is felt that residential customers will be encouraged to change
 
their normal pattern of use of appliances if given sufficient economic
 
incentive.
 
Increased saturation caused by electric heating resulted in deteri­
orated annual load factors during winter peaks. In 1974, about 50 percent

of new single family construction in the U. S. was electrically heated.
 
In 1974, electric furnaces represented about 50 percent of total electric
 
heating installations, heat pumps represented a little under 10 percent,

and the rest was resistance heating (baseboard and ceiling cable). Resis­
tance heating with individual room thermostatic control has better diver­
sity than central furnace or heat pump unit. The high proportion of
 
electric heating in new construction and the increase in conversions are
 
due to shortages of natural gas and concern over oil.
 
Two areas that may help in load management are storage of heat and
 
some mixed heating. An electric heating system may be supplemented by
 
an oil or lignite-fired system to top up the electric system during
 
periods of peak heating demand. The future for mixed heating systems

where the relative proportions of storage and direct heating are set to
 
minimize capital plus operating costs is promising.
 
It is interesting to know that the utilities in England, Belgium,

and West Germany promote nredominantly storage heating. The idea is to
 
have all of the storage heating on a separate circuit (used mainly in
 
Belgium and West Germany and partially in England) whose activation is
 
controlled by the utility through remote ripple control. The cost of
 
a ripple control receiger is about $85.- Many U. S. utilities are con­
sidering a ripple control system that could be used for meter reading

in addition to control of loads or meter switching.
 
Another point that isworth mentioning here is the future of the
 
heat pump. It would be uneconomical to design the heat pump to supply

peak heating demand on the coldest days of the year. It should be
 
supplemented by a source of topping heat during peak hours.
 
APPENDIX K. DIVERSIFICATION
 
K.1 DIVERSIFICATION ACTIONS
 
Briefly digested below are the major characteristics of each of the
 
systems which contribute to diversification. Energy potential estimates
 
are given for each. In some cases those estimates reflect prognosticdtions
 
made by ERDA [ERDA-48], while those which do not are based on a variety of other
 
projections.
 
K.l.l COAL, EXTRACTION
 
Type Systems: Contour mi'ning, area mining, auger mining, room
 
and pillar mining and longwall mining
 
Primary Locations: Principle area of present mining is located
 
around the Appalachian mountains, north into-Pennsvlvania and
 
west into Kentucky and Illinois. Future development is
 
expected to grow rapidly in Northern Great Plains.
 
Potential: 1985, 22 quads; 2000, 30-40 quads.
 
Primary Requirements: Strip mine shovels and blasthole drills
 
(problems include availability of steel castings, steelplate,

forgings, bearings, electric motors and neopreme). Continuous
 
miners, methane detectors, respirators and other safety equipment.
 
Hopper cars and barges.
 
Means of Implementation: Expansion of the industry is occurring
 
rapidly in the Northern Great Plains but is impaired by concern
 
over environmental impacts. A clear and precise set of strip
 
mining and deep mining regulations must be outlined and strictly
 
enforced. Environmental safeguards.must be outlined in a long
 
term overall plan. Injunctions should not be given against
 
construction except in those cases where the approved restrictions
 
are violated.
 
Impacts: Vecetation will be destroyed and underground water sources
 
may be upset. In eastern regions problems are encountered with
 
subsidence and mine drainage. In western areas, alkaline materials
 
may be leached from mines. Temporary surface disruption, will re­
duce cover and food supply of surrounding wildlife.
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K.1.2 COAL UTILIZATION
 
Type Systems: electric power plants, steel manufacture and cement
 
plants. Refer to Appendix D for further description of plants.
 
See Appendix I for plant conversions.
 
Primary Location: Widely dispersed across United States although
 
greatest use is in eastern part of the country.
 
Potential: 1985, 22 quads; 2000, 30 - 40 quads.
 
Primary Requirements: Development of effective, reliable and low
 
cost air pollution equipment. Capital to develop mines and the
 
more expensive coal furnaces.
 
Means of Implementation: Readjustment of environmental standards
 
to optimize on both air quality and energy needs.
 
Impacts: Conversion of plants burning alternate fuels with coal
 
facilities will require either relaxation of environmental standards
 
or high capital expenditures and the concomitant rate increases.
 
Conversion of plants without coal facilities to utilize coal will
 
generally require rebuilding of the boiler. This is both expensive

and time consuming. A retrofit program could seriously affect re­
serves and might lead to wide spread blackouts.
 
K.1.3 	 COAL, CONVERSION
 
Type Systems: liquifaction, gasification, and solvent refined
 
coal. See Appendix D for further discussion.
 
Primary locations: Northern Great Plains,
 
Potential: 1905,1.3 x 109 ft3/year gas, 5000 bbl/day liquid;
 
2000, 6.2 x I0 ftJ/year gas, 3.5 x 106 bbl/day liquid.
 
[PI-74-3,107]
 
Means of 	Implementation: Support of research in advanced coal
 
conversion techniques. Improved legal procedures to allow needed
 
trade off: environmental and energy needs. Readjust pricing
 
regulations to allow mixture of SNG and natural gas to be sold
 
at a mixed price. Guarantee of investment.
 
Impacts: Large demands will be placed on water in arid regions.
 
Pipelines may be utilized but would disrupt agricultural areas.
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K.1.4 OIL (DOMESTIC)
 
Type system: conventional well, enhanced recovery
 
Primary Location: Outer continental shelf, artic, deep and
 
shallow inner continental in several states predominantly in
 
the south central region. Enhanced recovery at existing sites.
 
Potential: 1985, 12 quads; 2000, 9 quads.
 
Primary Requirements: Capital, drilling rigs, platforms, oipe,
 
exploration crews, rig men, refineries, water, steel, cement,
 
processing plants.
 
Means of Implementation: Pricing policy, improved leasing
 
procedures, technological development of shale oil recovery
 
methods and very deep O.C.S. drilling.
 
Impacts: Water and land use, manufacturing facil-ities, ecological
 
balances, lifestyles, trained personnel, social acceptance.
 
K.1.5 NATURAL GAS
 
Type Systems: Conventional well, stimulation of tight formations.
 
Primary Location: Deep and shallow inner continental of certain
 
states, artic, outer continental shelf.
 
Potential: 1985, 10 quads; 2000, 7 quads-

Primary Requirements: Capital, drilling rigs, platforms,
 
pipe, exploration crews, rigmen, water, steel, concrete.
 
Means of Implementation:. Realistic pricing policy, improved
 
leasing procedures, technological development of stimulation
 
techniques.
 
Impacts: Water and land use, manufacturing facilities,
 
ecological balance, trained personnel, land use policy, social
 
acceptance.
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K.1.6 OIL SHALE
 
Primary Location: Colorado, Wyoming, Utah
 
Type Systems: above ground retorting with surface mining or
 
deep mining, in situ.
 
Potential: 1985, 2.5 quads; 2000, 4.5 quads [ERDA-48],
 
Primary Requirements: large labor force, improved water recovery
 
systems, environmentally satisfactory disposal and land reclamation
 
programs, possible oil- price guarantees, adequate supplies of water
 
(above ground retorting), adequate manpower.
 
Means of Implementation: Develop leasing rules more conducive
 
to large-scale shale mining.
 
Impacts: Destruction of terrain, disposal Drohlems, particulate
 
emissions, leaching and consequential prdduttivity reduction of
 
land, possible subsidence, extreme pressure on water resources
 
(less for in situ),
 
K.1.7 HYDROELECTRICITY
 
Type System: hydroelectricity
 
Primary location: Developed North Pacific and South Eastern.
 
Major undeveloped: Alaska 32 GWe, North Pacific 45 GWe
 
Potential: 1985,-75 GWe; 2000, 187 GWe. (Note: Must be
 
corrected for siltation of existing reservoirs.)
 
Primary Requirements: Dam sites, dams, environmental impact
 
studies, turbines, generators.
 
Means of Implementation: Extend land condemnation powers.
 
Impacts: Conflicts with scenic river preservation, consumes
 
land, increases energy intensive recreation opportunities.
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K.l.8 	GEOTHERMAL
 
Type Systems: Hydrothermal, dry steam, magma, hot rock,
 
Primary Location: Western U. S., Hawaii, Alaska,
 
Potential: 1985, .7 quad; 2000, 2.5-6 quads [ERDA-48]
 
Primary Requirements: Sufficient drill-ing rigs, improved
 
corrosion 	resistant materials, improved desalters, improved
 
exploration and drilling technology
 
Means of Implementation: Develop realistic leasing rules,
 
extend intangible drilling benefits to geothermal sources,
 
Impacts: Ties up drilling rigs used for oil and natural, gas,
 
H2S pollution problems, possible pollution of surface water,
 
possible large demand on water supplies in water scarce regions
 
K.1.9 	WASTE
 
Type Systems: pyrolysis, digestion, direct incineration,
 
dump site 	exhaustion
 
Primary Location: near large municipalities, livestock feed
 
lots, old dump'siteso
 
Potential: 1985,2.5 quads; 2000, 4.5-9 quads: [ERDA-48]
 
Primary Requirements: Coordinate waste collection, improve
 
some aspects of technology,
 
Means of Implementation: Provide explicit, comprehensible

information to communities and local utilities about options.
 
Impacts: 	 particulate emissions and noxious gasses from
 
incineration, water pollution from leaching of residue. Potential
 
fuel shortages resulting from enthusiastic conservation and
 
resultant 	decline inmunicipal solid waste.
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K.1.lO SOLAR THERMAL (CENTRAL)
 
--flat plate, concentrating disks or
Type Systems: Geometry 

-- non, single, double;
troughs, reflecting mirror; tracking 

receiver -- distributed, central.
 
Primary Location: Southwestern U. S. (needs high insolation
 
and clear skies).
 
Potential: 1985, 100 MWe (.005 ouad); 2000, 104 MWe (.5 quad),
 
Improved storage capability; development
Primary Requirements: 

of central receivers; development of open cycle and helium
 
cycle plants,
 
Means of Implementation: Government plus utility backing of
 
prototype and demonstration plants until 1990 (ERDA Plan),
 
Impacts: Supplies peak and intermediate loads; large land
 
area needed; possible large water requirements inwater-scarce
 
regions.
 
K.1.11 SOLAR HEATING/COOLING
 
Type Systems: Concentrating or flat plate collector; air or
 
water as heat transfer medium; water, rock or eutectic salts
 
as storage medium.
 
Primary location: Throughout U. S.
 
Potential: 1985, 0.3-0.6 quads; 2000, 4.5-9 quads,
 
Primary Requirements: adequate production of collector
 
components; reduced cost of collectors; improved storage media;
 
higher cost-effectiveness relative to conventional systems;
 
2-3000 gallons of water per installation,
 
Means of Implementation: federal assistance in research and
 
technology development; tax incentives for consumers,
 
Impacts: political, legal, institutional impacts; revision of
 
land use patterns; technical training for building designers;
 
utility companies and energy producers are affected.
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K.1.12 SOLAR P1OTOVOLTAIC
 
Type Systems: single crystal silicon, polycrystaline silicon,
 
cadmium sulfide, gallium arsenide
 
Primary location: throughout U. S., best inSouthwest.
 
Potential: 1985, 10MW; 2000, 1400 MW (.07 quad),
 
Primary Requirements: Sufficient supplies of cadmuim and metals
 
for production, improved technology to reduce cost, improved
 
inversion (DC to AC) technology; improved storage capabilities,
 
Means of Implementation: Siliconrefinement industry must be
 
expanded; technological improvements are requi.red,
 
Impacts: could result in reduced need for fossil fuels; could
 
provide power for peak loads; engineering personnel will represent
 
a high percentage of total manpower requirements compared to
 
related energy industries; solar arrays may not be esthetically
 
pleasing; large tracts of land-required for central generation.
 
K.l.13 	 BIOMASS FARM
 
Type System: Solid wastes, biomass farm, marine form
 
Primary Location: Throughout U. S.
 
Potential: 1985, .082 quad; 2000, .5quad0
 
Primary Requirements: capital investment for processing plant,
 
land availability, high water requirements0
 
Means of Implementation: most technology available; government
 
incentives needed.
 
Impacts: pesticides required to house and fuel conversion
 
plant; institutional arrangements between city gov'ts'/conversion
 
plants required. Pesticides, fertilizer, and associated water
 
contamination, possible reduction of surface water supply.
 
K.1.14 THERMAL GRADIENTS
 
Primary Location: Deepwater coastal regions, southern U.S.
 
Potential: 1985, .005 quads; 2000, .5quads,
 
Primary Requirements: Develop technology, provide construction
 
facilities, solve transmission problems,reduce material
 
requirements over present designs,
 
Means of Inplementation: show cost feasability.
 
Impacts: Possible thermal effects on ocean currents; possible
 
alteration of marine environments from interchange of plankton
 
layers and pelagic nutrients.
 
K.1.15 WIND
 
Primary Location: N.E. coast of U. S., Alaska Coast, Texas
 
Gulf Coast, Hawaii, Great Plains.
 
Potential: 1985, .15 quad; 2000, 1 quad0
 
Primary Requirements: Improved anemometry, improved storage
 
systems.
 
Means of Implementation: government supported wind program,
 
Impacts: Possible meterological changes, possible detrimental
 
esthetic effects.
 
K.1.16 NUCLEAR FISSION:
 
Type Systems: Light water reactor (LWR), High Temperature
 
gas reactor (HTGR), Breeder reactor,
 
Location: Areas with sufficient water for cooling
 
Potential: 1980, 80 GWe; 1985, 190 GWe; Breeder reactor
 
not commercial until 2000.
 
Requirements: Capital cost reductions,accelerated licensing
 
procedures, greater quarantees of safety increased labor
 
supply.
 
Means of Implementation: Reduce 'RED-TAPE' in licensing,
 
standardize design.
 
Impacts: Waste storage, fuel security, thermal pollution
 
(air and water), large manpower and materials Cfuel extraction
 
and processing).
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K.1.17 NUCLEAR FUSION
 
Type Systems: 	 Magnetic confinement, laser implosiono
 
Location: As desired,
 
Potential: minimal by 2000
 
Requirements: 	 1985 -- Test reactors of 1 to 10 MW. 
1989 -- Experimental Power reactor of 20 to 50 MWe 
1997 -- Demonstration plant, 500 MWe 
Means of Implementation: Primary government funding.
 
Impacts: many to be determined; problems could arise in social
 
and economic areas from unconstrained supply of energy,
 
K.1.18 INTEGRATED SYSTEMS
 
One of the most interesting of the various diversification schemes
 
is the total-energy systems. At least three variations of this approach
 
are currently under investigations. Inone scheme each home or farm is
 
fitted with a hybrid system possibly using basic energy inputs from
 
wind, solar heat, and probably solar/electric cells. One example of
 
this type of total-energy system is currently being developed by Smokey
 
Yunick in Daytona Beach, Florida. The heart of this particular scheme
 
is the use of wind-generated electricity to break down water
 
electrolytically into hydrogen and oxygen for storage and future reforming
 
into methanol-, methane, and maybe ammonia. The wind turbine will energize
 
this process days, nights, and weekends. [PS-75,56]
 
A variety of other similar schemes have been proposed. Some of these
 
even include digesters for utilizing the waste produced by the household
 
and farm.
 
The second major type of integrated systems isthe MIUS concept
 
(Modular Integrated Utility System). This concept,-being developed by
 
NASA, utilizes recycling of waste to reduce the requirement for external
 
utility services. A MIUS system would integrate all utility systems into
 
a single function providing electric power, heat, water, and waste
 
collection into an operation which would more completely utilize energy
 
and material imputs than do individual utility functions under present
 
service. Rejected heat in this type of system can be used to provide
 
domestic water heating, comfort heat, and to drive absorption air
 
conditiontng systems. Solid waste is recycled and used as fuel to reduce
 
the need for heat input to the generation cycle, thereby reducing the waste
 
disposal requirements. Waste water is also recycled to serve functions
 
which do not require portable water.
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NASA reports energy reductions of 33%, reduced water requirement of 9%,
 
reduced liquid waste treatment requirements of 48%, and reduced solid
 
waste of 74% through the use of a MIUS as compared to normal utility
 
services. [Reed-74,93].
 
A third type of integrated approach is under consideration for
 
municipal use. This concept employs fuel cells in demographically dense
 
urban areas to supply consumers with both electricity and the heat derived
 
from the fuel cell cooling process.
 
K.2. REQUIREMENTS FOR DIVERSIFICATION WATER IMPACT STUDY
 
This section presents data related to the water requirement impact
 
study of chapter I].The water resource regions are shown inSection K.2.1.
 
The energy resource locations are detailed in Sections K.2.2 to .4. The
 
last sections (K.2.5 to .8)discuss the various water requirements for selected
 
diversification actions.
 
K.2.1. WATER RESOURCE REGIONS
 
The primary Water Resource Regions in which energy extraction is likely
 
to place a heavy demand on the water resources are the Missouri Basin(upper

half) and the Upper Colorado. The Lower Colorado and Rio Grande play an
 
important role insolar central generation. Figure K.2.1-1 shows the Water
 
Resource Regions and the locations of critical water related energy problems.
 
Missouri Basin
 
An estimated 40% of the nation's coal resources lay withinthe north­
western section of the Missouri Basin. Projected coal processing plants
 
and electric generating programs are expected to place a heavy demand on
 
water resources in this area. An eventual maximum of 3 million acre-ft/yr
 
could be made available; one million acre-ft/yr could be supplied now.
 
Such a supply presupposes that necessary legislative action is taken,
 
permits are granted, water is supplied from the Colorado Basin (Green River),
 
and sufficient aqueducts are constructed [PI-74-15].
 
Upper Colorado Basin
 
The predominant energy source available in the Upper Colorado Basin
 
is oil shale. A second energy source is coal. And to some extent, the
 
oil resources inthe region will require water, Water avail­
ability in the area depends upon overall supplies ranging from an estimated
 
high of 24 million acre-ft/yr (1917) to about 5.6 million acre-ft/yr (1934).
 
.....................
 
. * % % .%: 
GEOGRAPHIC AREAS WITH 
SCRITICAL WATER RELATED 
ENERGY PROBLEMS 
FIGURE K.2.1-1. WATER RESOURCE REGIONS AND GEOGRAPHIC
 
AREAS WITH CRITICAL WATER RELATED ENERGY PROBLEMS
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A number of Federal and state laws and international treaties complicate
 
the matter. At present there is slightly over 2 million acre-ft/yr
 
average available for industrial purposes [PI-74-15], but the main
 
difficulty in utilizing this supply is present water-right commitments
 
which tie up 100% of available water. Obtaining access to this supply
 
would be unreasonably costly. Any additional use of water resources in the
 
Upper Colorado area will impact severely on supplies in the Lower Colorado
 
Basin.
 
Lower Colorado
 
The principal non-fossil energy potential in the Lower Colorado Basin
 
is solar. Oil, natural gas, and to some extent, coal represent the available
 
fossil sources. Water supplied to Arizona, the principal region for concern, is
 
about 2.8 million acre-ft/yr. Most of this is already tied up inurban
 
use, agricultural needs, or commitments to water rights. As a result of
 
increasing demands to the north, the salinity of surface water is
 
incteasing, and any energy systems which would require water sources
 
would further deteriorate the supply.
 
Rio Grande
 
The primary area for concern is southern New Mexico and the southwest
 
corner of Texas. Substantial use is already made in this area of surface
 
water for industrial, agricultural and municipal purposes, and with existing
 
water rights it is unlikely that significant water supplies could be made
 
available for solar central generation without displacing other proposed
 
energy systems. A problem of decreased water quali-ty, similar to that
 
encountered in the Lower Colorado Basin,complicates difficulties.
 
K.2.2 COAL RESOURCE LOCATIONS
 
Coal occurs inlarge quantities throughout the United States (see Figure
 
K.2.2-1). Primary concentrations of lignite are found in Montana and North
 
Dakota. Bituminous and sub-bituminous coals are located throughout the Rocky
 
Mountain regions. Much of the coal in the western half of the United States
 
is accessable by surface mining techniques.
 
K.2.3 OIL SHALE RESOURCE LOCATIONS
 
While oil shale is found scattered across wide areas of the United
 
States (see Figure K.2.3-1), only one region, roughly the intersection
 
of Wyoming, Colorado and Utah, is considered to have concentrations,of
 
oil sufficiently high for commercial development. In this area, the
 
so-called Green River formation, concentrations of oil in shale range as
 
high as 60 bbl/ton with an average of 15-25 bbl/ton.
 
SUBBITUMINOUS COAL 
FIGURE K.2.2-1. WESTERN U.S. COAL RESOURCES
 
FIGURE K.2.3-1. WESTERN U.S. OIL SHALE RESOURCES
 
(GREEN RIVER FORMATION)
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K.2.4 SOLAR CENTRAL RESOURCE LOCATIONS
 
The region most suitable for solar central generation within the
 
geographic boundaries of the United States'is located in southern Arizona
 
and New Mexico. With reduced effectiveness, larger areas including southern
 
California, all of New Mexico and Arizona, and West Texas could be utilized
 
for solar thermal or photovoltaic purposes (see Figure K.2.4-1). Because of
 
the increased frequency of cloud coverage and reduced insolation, it is
 
unlikely that other areas of the country would find solar central power
 
plants feasible.
 
K.2.5 COAL MINING WATER REQUIREMENTS
 
Coal mining requires water to maintain working conditions, for cleaning
 
coal, for transportation of slurry by pipeline, for on site housekeeping and
 
for revegetation of strip mine coal fields. Except for this last use, surface
 
mines require less fresh water per ton mined than underground mines. It
 
should be noted that revegetation of reclaimed surface mines is a significant
 
water user. Much underground mine water requirements are met with brackish
 
water from dewatering of mines. Table K.2.5-1 provides the basic water use
 
data for coal extraction, and cleaning per ton of coal. Estimates of future
 
coal cleaning indicate 75% of Bituminous coal from all regions and 100% of
 
northern Appalachia anthracite will be cleaned. Combining this information
 
with the production percentages inTable K.2.5-2, and the percentage of
 
underground/surface production of Table K.2.5-3 gives water use coefficients
 
for coal production by region inTable K.2.5-4.
 
K.2.6 COAL CONVERSION WATER REQUIREMENTS
 
Since much of the western low sulfur coal is found in arid regions,
 
water requirements for coal conversion become of primary importance. The
 
ultimate availability of water may inmany cases provide the upper bound on
 
coal conversion much more than either coal availability or market requirements.
 
This view must be carefully considered in any orderly developmental plan if
 
the full potential of western coal is to be realized.
 
A number of proposed coal conversion processes are shown inTable K.2.6-l
 
together with their corresponding water requirements. Low BTU gas is not
 
economical to transport long distances because of the largeassociated volumes.
 
Consequently, extremely large quantities will not be produced at a centralized
 
location and severe strains will not be placed on regional water supplies.
 
However, pipeline gas and liquid fuel do present the problems of centralized,
 
large scale processing. Development of these processes should be undertaken
 
with a view of ultimate water availability. Specifically, the HYGAS process
 
FA
 
FIGURE K.2.4-1. U.S. SOLAR CENTRAL RESOURCE REGIONS
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TABLE K.2.5-1 BASIC WATER USE DATA FOR COAL EXTRACTION AND CLEANING
 
Underqrond Surface 
Water WitVidrawal per ton mined 15.0 4.0 
Water Consumption per ton mnand 15.0 4.0 
Water Withdrawal per ton wasted 52-. 524. 
Water consumption per ton wasted 8.0 8.0 
TABLE K.2.5-2 COAL 	PRODUCTION PERCENTAGES BY TYPE FOR THE
 
COAL PRODUCING REGIONS
 
Coal Percent t Percent sub- Percent 
Region Bntwnnous bituminous/Lignite M %thracite 
1 95 0 5 
2 100 0 0 
3 100 0 0 
4 0 100 0 
5 0 100 0 
6 38 62 0 
7 0 100 0 
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TABLE K.2.5-3 PERCENTAGES OF COAL PRODUCTION WHICH IS PRODUCED THROUGH
 
SUrEACE AND UNDERGROUND MINING
 
Coal Pe -c-n t Percrn t
 
Regon TUn deraround Surfaz2 
1 69.1 30-9 
2 52.4 47.6 
3 51.5 48.5 
4 0.0 100.0 
5 1.8 98.2 
6 69.9 30.1 
7 0.9 99.1 
TABLE K.2.5-4 WATER-USE COEFFEICIENTS FOR COAL PRODUCTION BY
 
COAL PRODUCING REGION
 
VNithdrawal Con r-_.z ive 
Water-Usa Water-Use 
Coal Region CoefficienL Coefficient 
(gal/ton) (gal 'tcn) 
1. Northern Appalachia 430.8 13.0
 
15.8
2. Southern Appalachia 402.8 

3. -idwestern 402.7 15.7
 
4.0
4. Gulf 4.0 
6.0
5. Northern Great Plains 6.0 

6. Rocky Mountain 210.8 14.7
 
4.1 4:1
7. Pacific Coastal 
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TABLE ,KC2.6-1 COAL'CONVERSIONWATER REQUIREMENTS [PI-74-3, 110]
 
Process 

Low BTU Gas:
 
Atmospheric 

pressure
 
fixed bed
 
Elevated 

Pressure
 
Entrained bed
 
Lurgi 

Pipeline Gas:
 
Synthetic 

Hygas 

Lurgi 

Liquid Fuel:
 
SRC 

Synthoil 

Fisher-Tropsch 

(Parsons)
 
Fisher-Tropsch 

(USBM-PEG)
 
Acre-Ft/yr Acre-ft
 
109 BTU/Day Quad
 
18 .049 x 106
 
98 .269 x 106
 
57 .156 x 106
 
104 .285 x 106
 
32 .088 x 106
 
120 .329 x 106
 
3n .082 x 106
 
56 .153 x 106
 
59 :016 x 106
 
134 .367 x 106
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and the Fisher-Tropack (Parsons) processes should receive major consideration
 
in present R and D programs. Inaddition to water required by the process

plants, the increased associated population will place an additional strain
 
on water availability. The total manpower requirements for each advanced
 
process are not well defined at this time, but are assumed to be similar to
 
those for existing Lurgi units. This adds an additional requirement of .03
 
million acre/feet/year for each quad of synthetic fuel. Comparing total un­
committed water resources in each water area given in Section K.2.1 to total
 
water requirements for each process indicates the potential for synthetic fuel
 
development in each region. Care must be exercised however in such an analysis

since the situation is dynamic. Additional reservoirs are planned in certain
 
areas which will increase resources, while expanding agricultural irrigation
 
will increase demand.
 
K.2.7
 
The five major methods currently under study (see Table K.2.7-1) for
 
the extraction of crude oil from shale are underground mining with surface
 
retorting; surface mining with surface retorting; in situ; modified in situ
 
[PI-74-9]; and an alternative modified in situ (essentially the Garrett
 
process). Demand for external water in each is low; it is expected that
 
about 2% of the total water consumed will have to be provided from external
 
sources. Primary water consumption isassociated with urban and revegetation
 
requirements.
 
K.2.8 SOLAR CENTRAL WATER REQUIREMENTS
 
The two basic methods of producing electricity directly from solar
 
insolation involve either photovoltaic arrays (see K.1.12) or solar thermal
 
conversion (see K.1.10).
 
The water requirements for photovoltaic conversion are practically nil
 
unless the plant operating personnel are considered--even then water is not
 
much of a factor unless industries are encouraged to move into the area.
 
Under some conditions, photovoltaic arrays may be cooled by circulating
 
water to keep the cells below some maximum operating temperature. This
 
cooling water would be in'a closed loop and would not involve any water
 
beyond initial charging of the loop. Dry cooling would be appropriate for
 
the heat rejection.
 
The water requirements for a solar thermal plant could pose more of
 
a restriction. For a 100 MWe solar thermal power plant, approximately

200 MW (thermal) must be rejected to the environment. For the conventional
 
steam cycle type plant, there are three possible methods of rejecting this
 
heat:
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TABLE K.2.7-1 WATER CONSUMED FOR VARIOUS RATES OF SHALE OIL PRODUCTION (ACRE/FEET/YEAR).
 
Shale Ol Production (Barrels per day)
 
50,OO--
Underground 
10,000
Surface Mine 
50,000
InSitu 
50 o00 . 
Modified InSitu 
50,000- 2/
Alternative InSitu 
PROCESS REQUIREMENTS 
Mining and Crushing 370- 510 730 - 1.020 -- 170- 230 Not available 
Retorting
Shale Oil Upgrading 
Processed Shale Disposal
Power Requirements 
Revegetation 
Sanitary Use 
580- 730 
1,460-2,190 
2,900-4,400 
730-1,020 
0- 700 
20- 50 
1,170 - 1,460 
2,920 ­ 4,380 
5,840 - 8,756 
1,460- 2,040 
0 - 700 
30- 70 
--
1,460-
--
730-
0-
20-
2,220 
1,820 
700 
40 
260- 330. 
1,460-2,220 
1,300-2,070
730-1,660 
0- 700 
20- 40 
-­
1,460 ­ 2,220 
700 - 1,000 
Not available 
0 - 700 
10 ­ 25 
Subtotal 
External Water ConsumedZ/ 
6,060-9,600 
121- 892 
12,150 -18,420 
243 - 1,068 
2,210-
44-
4,780 
797 
3,440-7,250 
69- 845 0 ­ 700 
ASSOCIATED URBAN
 
Domestic Use 670- 910 1,140 - 1,530 720- 840 710- 850 .340 - 460
 
Domestic Power 70- 90 110 - 150 70- 80 70- 80 35 - 70
 
Subtotal 740-1,000 1,250 - 1,680 790- 920 780- 930 375 - 530
 
GRAND TOTAL 6,800-10,600 13,400 -20,100 3,000- 5,700 4,720-8,180 
Total External Water Consumed 861- 1,892 1,493 -.2,748 834- 1,717 8491,775 375 , 1,230
 
_/ Adopted from Project Independence.[PI-74-9]
 
Based on information supp ied by Occidental Shale Oil Co. [Ridley-75)
 
3 Assuming 2%external water required for all but alternative insitu.
 
DRIGINAUJPAGB IS 
_OF POOR QUALITy 
'TABLE K.2.8-1. SOLAR CENTRAL WATER REQUIREMENTS BASED ON 100 MWe PLANT
 
Type Plant Once-through Wet Cooling Dry Cooling
 
(100 MWe Base) Cooling Tower Tower
 
_(66,000 gal/min)d (4000 qal/min)d (nil)
 
PHOTOVOLTAIC:
 
.air cooled N/A N/A N/A
 
.water cooled N/A N/A nil
 
3
SOLAR THERMAL:a b 

.steam cycle 53,000 acre-feet/yr 3,200 acre-feet/yr nil
 
.open air cycle N/A N/A N/A
 
.helium cycle nil
 
a. Plant operates at intermediate load (. load factor)
 
b. Assuming 10% increased evaporation--5,300 acre-feet consumed/yr
 
c. Assuming TOM evaporation rate--3300 acre-feet consumed/yr
 
d. [PI-74-10]
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Once-through (water) condenser cooling
 
Wet cooling tower (water and air)
 
Dry cooling tower (air)
 
The water requirements for each of these methods-is illustrated inTable K.2.8-1.
 
Due to the fact that solar thermal plants are being planned for the
 
southwestern United States where water is scarce, several investigations
 
are being made of power cycles which do not require water cooling or the
 
use of the relatively expensive dry cooling towers. The open air cycle
 
and the helium gas cycle are candidates [BOS-75]. Also, the concept of
 
using the waste heat for desalinization of brackish water has been proposed
 
as being an added benefit to the southwestern United States in addition
 
to the power generation. In fact, the fresh water produced may be of
 
equal or greater value than the power in some regions.
 
K.3 ASSESSMENT OF ENERGY SOURCE IMPACTS INWATER SCARCE REGIONS
 
This section is an elaboration on the impacts covered by the water
 
requirements for the diversification energy sources (see Chapter 11). The
 
organization of this impact study .isshown on the systems diagram, Figure K.3-1.
 
The requirements necessary to satisfy the objective of identifying water re­
quirement impacts were to:
 
Identify water availability (see K.2.l)
 
Identify unit water requirement for each energy source (see K.2.5-8)
 
Identify geographic regions for implementing each energy source
 
(see K.2.2-4)
 
Identify base case for energy usage
 
Assess impacts
 
A complete assessment of the water requirements and impacts of alterna­
tive systems would require substantially more information than is now avail­
- able from any source. In fact, the process of information acquisition could 
continue indefinitely. Nevertheless, on the basis of information available 
at present, some alternatives seem to be more viable than others. 
K.3.1 INCREASED WATER SUPPLIES
 
A variety of recommendations have been made to augment the water re­
source base in the Western United States. These recommendations, some of
 
which are under study at the present, include:
 
4 
OTHER REQUIREMENTS 
(Capital, Material, Etc) 
ENT2IFYWA:TR AVAILABILITY ---REGIONALLY .... 
FOREAC ENRG SOURC I- wREFG1RNTICULAR----
IDENIFY UNIT WATER REQUIREMENT -JVARIOUS -A DETHODSPARTICULAROF 
FOR EACH ENERGY SOURCE I--OF USE.....................---------. .. -. [-i E E- S' IrSOURCE NERGYERG 
IDENTIFY IMPACTS ON 
WATER OF ENERGY 
SOURCE DIVERSIFICATION. 
____ IDENTIFY GEOGRAPHIC REGIONS FORI 
IMPLEMENTING EACH ENERGY SOURCE F 
F 
MIXTURE 
ENTIFY BASE CASE FOR 
LNERGY USAGE 
-- I ASSESS IMPACTS ............ ______ FEEDBACKI --
FIGURE K.3-1. SYSTEMS DIAGRAM FOR IMPACT ANALYSIS
 
OF WATER REQUIREMENT
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Diversion of water from California to the Southern Colorado Basin.
 
Transporting water from the Missouri River to Wyoming for coal
 
gasification.
 
Diverting significant amounts of water moderate distances for
 
industrial purposes.
 
Weather modification to increase rainfall in Missouri and Upper
 
Colorado regions.
 
Each of these proposals would seem to require intensive study. Both
 
relocation and weather modification have a large potential for detrimental
 
environmental impacts. Apart from the long term terrestial changes likely
 
to accrue from either plan, weather modification may result in meteorological
 
changes elsewhere.
 
K.3.2 OIL SHALE
 
None of the processes for extracting oil from shale require unreason­
able amounts of external water. Each, however, will require substantial
 
water for revegetation, land reclamation and associated urban development
 
resulting from increased population. In-situ processes will require gener­
ally less external water and hence are more desirable; if costs are compar­
able, in situ is to be preferred.
 
K.3.3 COAL
 
Synthetic fuels from coal te generally produced by water intensive
 
processes. Coal mining may also be water intensive in the coal preparation
 
stage, but it is believed that this problem may be overcome. Water is gen­
erally scarce in all of the coal areas of the Great Plains. While water
 
might be transported from the Upper Missouri Basin into eastern Wyoming, it
 
is not considered economically feasible to run pipelines into the more south­
ern coal fields. For this reason development of gasification or liquifica­
tion plants within the Upper Colorado Basin and in nearby arid regions is not
 
deemed attractive.
 
K.3.4 SOLAR
 
Solar central generating systems are likely to be located in New Mexico
 
or Arizona, regions where there is essentially no water available. Several
 
alternatives exist to typical, water cooled installations: air cooling,
 
utilizing waste heat to desalt cooling water, or installing photovoltaic
 
systems. All of the alternatives to water cooling involve extra expense,
 
but not so much as to rule out the possibility of using solar central.
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K.3.5 OTHER CONSIDERATIONS
 
Diversion of water to coal production has potential repercussions on
 
other water users. Conflict with water needs for existing and future oil
 
and gas production and other mineral activities is one. Molybdenum, uran­
ium and precious metals are presently produced in the region. Uranium, in
 
fact, is a primary water user, consuming approximately 200 gallons of water
 
per pound of U308 produced. Since New Mexico, Utah,, Colorado, and Wyoming
 
now produce about 88% of the nation's uranium, ag expected U. S. nuclear
 
capacity of 190 GWe in 1985 will require 33 x 10 gallons water per day
 
from these states.
 
Municipalities are another claimant for water. Large amounts of water
 
on the western slope'are committed to California cities and to farm irri­
gation at present. Then too, if the natural water table is affected,
 
regional lumber and livestock production would suffer. Of no little
 
concern is maintaining the region's natural environment as it concerns
 
outdoor recreation and as it concerns wildlife preservation. Water
 
consumption could change that as well.
 
K.4 ERDA PLANS AND BUDGET
 
Public Law 93-577 calls for RD and D in the areas of energy supply
 
to:
 
Accelerate the commercial demonstration of technologies for
 
producing substitutes for natural gas, including coal gasifica­
tion.
 
Accelerate the commercial demonstration of technologies for
 
producing syncrude and liquid petroleum products from coal.
 
Accelerate the commercial demonstration of geothermal energy
 
technologies.
 
Demonstrate the production of syncrude from oil shale by all
 
promising technologies including in situ technologies.
 
Explore secondary and tertiary recovery of crude oil.
 
Demonstrate the economic .and commercial feasibility of solar
 
energy for residential and commercial applications.
 
Accelerate the commercial demonstration of environmental con­
trol systems for energy technology developed under this Act.
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Investigate the feasibility of tidal power for supplying
 
electrical energy.
 
Commercially demonstrate advanced solar energy technologies
 
Determine the feasibility of production of synthetic fuels
 
such as hydrogen and methanol.
 
Demonstrate the commercial feasibility of fuel cells for central
 
station electric power generation.
 
Determine the economic and commercial viability of in situ coal
 
gasification.
 
ERDA responded to Public Law 93-577 with its first National Plan,
 
ERDA-48, which appears to manifest an intention toward diversification.
 
The philosophy in the plan appears to be one of exploration on a broad
 
front so as to ensure maximum flexibility for future energy choices -- to
 
seek to clarify uncertainties and ascertain the feasibility of a variety
 
of sources in terms of socio-economic, institutional, resource and environ­
mental constraints.
 
ERDA sees the need for five major changes in the nature and scope of
 
the nation's RD and D program [ERDA 48-75]:
 
Emphasis on overcoming the technical problems inhibiting
 
expansion of high leverage existing systems -- notably coal and
 
light water reactors.
 
Achieving an expansion requires the solution of several
 
critical problems involving operational reliability and
 
acceptable environmental impact.
 
An immediate focus on conservation efforts.
 
These efforts implement first generation existing technology,
 
extend this technology with improved capabilities, demonstrate
 
its viability and widely disseminate the results.
 
The primary targets are automotive transportation, buildings
 
and industrial processes.
 
Acceleration of commercial capability to extract gaseous and
 
liquid fuels from coal and shale.
 
A two-pronged effort is needed to achieve this objective.
 
Existi.ng technologies must be implemented as soon as possible
 
to gain needed experience with large scale synthetic fuel
 
production. A Synthetic Fuels Commercialization program is
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now being developed to implement the President's synthetic

fuels' goal announced in the 1975 State of the Union Message.
 
Also required isaggressive pursuit of parallel efforts,
 
now underway, to develop a more efficient generation of
 
plants with lower product costs and less environmental
 
impact.
 
Inclusion of the solar electric approach among the "inexhaustible"
 
resource technologies to be given high priority.
 
The technologies for producing essentially inexhaustible
 
supplies of electric power from solar energy will be given

priority comparable to fusion and the breeder reactor.
 
Increased attention to under-used new technologies that can be
 
rapidly developed.
 
The technologies that are close to implementation and promise
 
a significant impact for the mid-term and beyond are princi­
pally solar heating and cooling and the use of geothermal
 
power.
 
In ERDA-48 we appear to have an institutional committment to a policy

of diversification in energy supply. However, comparis6n of ERDA's resource
 
allocation (budget) with their RD and D plans suggests some discrepancy.

The National Conference of State Legislatures (NCSL) in their July 11 and July

25, 1975 energy newsletters presents an ERDA Budget request (Table K.4-1).

Nuclear accounts for 81 percent of this budqet. Editors of the NCSL news­
letters remark on the difficulty of aggregating ERDA's budget to that which
 
is portrayed in Table K.4-1. Even with the possibility of some noise in
 
the data, NCSL suggests that if ERDA were to implement their research plan

it would imply some rather radical budgetary modifications. Perhaps some
 
of the difference between budget and research plans can be explained by

the following statement taken from page S-6 of ERDA-48,
 
"Itshould be noted that outlays for Federally supported pro­
grams may not necessarily conform to the national ranking developed

here. This is because many of the technologies will be developed

inthe private sector and there are differences inthe scope of the
 
program effort and the extent of development required."
 
Further study is needed to more clearly see how strong ERDA's com­
mittment becomes in the future to the pursuit of a broad policy of diver­
sification at the supply end. It is perhaps a bit precarious to make
 judgements based on ERDA's first budget. As has been pointed out several
 
times, in beginningto develop a previously undeveloped research and
 
development area, it is not possible to both instantaneously use and
 
efficiently use an infinite amount of money.
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TABLE E.4-1 ERDA BUDGET REQUESTS (MILLIONS OF DOLLARS) [NCSL-75]
 
OPERATING CAPITAL PERCENT 
EXPENSES EXPENSES 'TOTAL OF ENERGY 
PROGRAMS FY76 FY76 FY76 BUDGET 
Coal 279.5 20.0 299.5 12.0 
Petroleum & Gas 23.7 23.7 0.9 
Oil Shale 8.1 8.1 0.3 
Solar 57.1 57.1 2.3 
Geothermal 28.3 28.3 1.1 
Conservation 32.2 32.2 1.3 
Advanced Systems 23.2 23.2 0.9 
Nuclear 1416.83,4 609.8 2026.6 81.1 
Sub Total 1868.9 629.8 2498.7 100.0 
Physical Research 312.5
 
Nuclear;
 
Space & Naval 217.1
 
Weapons 938.4 264.9 2475.6
 
Environment, Safety2 197.7 (Total) (Total)
 
Miscellaneous 545.0
 
Total Budget 4079.6 4974.3 4974.3
 
41ncludes approximately $575 million which isreceived by the U. S. General
 
Treasury from sale of nuclear materials. lhese dollars should be included
 
in an estimate of ERDA's resource allocation but should not be included in
 
an estimate of the government's net nuclear expenditures
 
31ncludes less than $200 million weapons
 
2Primarily nuclear related
 
IExluding space and weapons
 
APPENDIX L, CITIZENS' ACTIONS 
A Historical Perspective of Energy Consumption
 
The first source of energy exploited by the earliest culture systems
 
was, of course, the energy of the human ofganism itself. The amount of
 
power generated by an average adult is small ,- one-tenth of one horse­
power. Considering women, children, the sick, aged, and feeble, the
 
average power resources may be estimated at about one-twentieth horsepower
 
per capita. It is understandable then, that the earliest cultures of
 
mankind, dependant as they were upon the energy resources of the human
 
body, were meager, crude, and simple, as indeed they had to be.
 
If culture was to advance beyond the limits of the energy resources
 
of the human body, it had to harness additional amounts of energy by
 
tapping natural resources in some new form. Fire was used in early
 
cultures in providing warmth in cooking and in frightening wild beasts, but
 
only as a substitute for muscle power in the manufacture of dugout canoes
 
from hollowed out tree trunks. Fire, along with water and wind, was
 
utilized as a source of energy only to a very limited extent.
 
Another source of energy available to and eventually harnessed by
 
primitive man was that of plants and animals. After some million years of
 
human development, certain plants were brought under cultivation and
 
various animal species were controlled through domestication. As a re­
sult, the energy resources for cultural advancement were greatly increased.
 
Cultivation, fertilization, and irrigation greatly increased the yield per
 
unit of human labor energy. Likewise, domestication of animals allowed
 
people to subsist on their herds and flocks. As a result, within a few
 
thousand years of these advancements, the great civilizations of antiquity
 
(Egypt, Mesopotamia, India, China: in the New World, Mexico, Middle America,
 
the Andean Highlands) came into being. Great empires, nations, and cities
 
took the place of villages, tribes, and confederacies as a consequence
 
of this Agricultural Revolution.
 
It is interesting that, after this period of rapid growth, the
 
upward curve of cultural progress levelled off. The.peaks of cultural
 
development in Egypt, India, China, and Mesopotamia were reached prior
 
to 1000 B.C., and from that time to the beginning of the Fuel Age (about
 
A.D. 1800) no culture of the Old World surpassed, in any profoud and com­
prehensive way, the highest levels achieved during this period.
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The Fuel Age emerged because of man's success in harnessing additional
 
energy by tapping the forces of nature in new forms. Energy, in the form
 
of coal, oil and gas, was harnessed by means of steam and internal com­
bustion engines. By tapping the vast deposits of coal, natural gas, and
 
oil, a tremendous increase in the amount of energy available for culture
 
building was quickly effected. The consequences of the Fuel Revolution were
 
in general much like those of the Agricultural Revolution -- an increase
 
in population, larger political units, bigger cities, and a rapid development
 
of the arts and sciences; in short, a rapid and extensive advancement of
 
culture as a whole.
 
In summary, the progress and development of culture are affected
 
by the improvement of the mechanical means with which energy is harnessed
 
as well as by increasing the amount of energy employed.
 
APPENDIXM. SEMINAR SUMMARIES 
The many speakers who conducted seminars for the 1975 NASA/ASEE
 
Faculty Fellowship Program in Systems Engineering Design at the Marshall
 
Space Flight Center, Huntsville, Alabama, which was directed by Auburn
 
University, provided invaluable resource material for the 21 professors
 
who participated in the program. The summaries given in this appendix
 
are the paraphrased remarks of each speaker and in some instances the
 
opinions or impressions of the faculty fellows are interwoven into the
 
fabric of the summary.
 
Due to the length (80 pages) of the summaries, Appendix M is avail­
able separately, in limited numbers, from
 
Engineering Extension Service
 
Auburn University
 
Auburn, Alabama 36830
 
Listed below are the speakers, their affiliation, and the title of
 
their talk. The speakers are arranged in chronological order.
 
Roger W.Sant, Federal Energy Administration
 
"Energy Conservation Programs inFEA"
 
W. R.Finger, Exxon Company

"Energy Scenarios and Conservation Implementation
 
Anthony J. Parisi, Business Week
 
"Energy as Seen From a Business Perspective
 
Wilson Harwood, Stanford Research Institute
 
"The Middle East - Where the Oil Is"
 
Jack E.Snell, National Bureau of Standards
 
"Energy Conservation and NBS"
 
William Prengle, Jr., University of Houston
 
"Potential for Energy Conservation inIndustrial Operations"
 
Sydney Howe, Center for Growth Alternatives
 
"Energy Conservation Scenarios"
 
A.W.Wortham, Federal Energy Administration
 
" Technological Approaches to Energy Conservation"
 
Stan A.Trumbower, Westinghouse Electric Corporation
 
"Managing Your Piece of the Energy Crisis"
 
John Blackstone, State of Alabama
 
"Evaluation of Ford Foundation Report"
 
Walter F.Spiegel, W. F. Spiegel, Inc.
 
"Ashrae Studies of Energy Conservation"
 
-Alan Barton, Alabama Power Company

"Energy Conservation From a Power Company Perspective"
 
George Cunningham, Energy Research and Development Administration
 
"Nuclear Reactor R & D"
 
Larry Stewart, Energy Research and Development Administration
 
"Energy Conservation in ERDA"
 
Ed Hudspeth, Alabama Energy Management Board
 
"The State'and National Energy Picture",
 
Vernon Rydbeck, General Electric Company
 
"Electric Power, Energy and Environment"
 
William P. Miller, Jr., The American Society of Mechanical Engineers
 
- "Overview of Energy on Capitol Hill' 
Arnold Safer, Irving Trust Company
 
"Economic Aspects of Energy Crises
 
Grant P. Thompson, Environmental Law Institute
 
"Legal and Legislative Aspects of Energy Conservation"
 
Arnold Windman, Syska and Hennessy
 
"Engineering Consultants and Conservation"
 
Barry Hyman, Senate Commerce Committee
 
"Energy Conservation Legislative Proposals"
 
John 	P. Eberhard, AIA Research Corporation
 
"Energy Conservation in Buildings"
 
Ralph Rotty, Institute for Energy Analysis
 
"Energy and Climate--A Case for Conservation"
 
Tim Nulty, United Auto Workers
 
"Labor and Energy Conservation"
 
David MacFadyen, Technology and Economics, Inc.
 
"Technology Transfer and NASA"
 
Laura Nader, University of California
 
"Cultural Aspects of Energy Conservation"
 
Joseph F. Coates, U. S. Congress
 
"Introduction to Technology Assessment"
 
Virginia Garrett, Montgomery Citizens'Action Committee
 
"Private Intervention for Energy Conservation"
 
Byron R. Brown, Jr., E. I. DuPont Company

"Energy Conservation in Industry"
 
Richard D. Wood, NASA
 
"New Propulsion Systems"RII( 

J. N. Foster, Marshall Space Flight Center OF-IOR 

"The MSFC Energy Conservation Program"
 
R. J. Raudebaugh, United States National Committee
 
"The World Energy Conference"
 
Robert G. Metke, Browns Ferry Nuclear Power Station
 
"Tour and Overview of the Plant"
 
John Vanston, University of Texas
 
"The University Role in Ehergy Conservation"
 
Douglas Alexander, NASA/Ames Research Center
 
"Energy and Technology Assessment"
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APPENDIX N. FEDERALAND STATE ENERGY LEGISLATION
 
This appendix contains Federal and State energy legislation, both,
 
proposed and enacted. Section N.l is a listing of Federal energy-related
 
legislation as of June 1975 witha brief description of each bill. This
 
listing was compiled by Mr. Bill Miller, Washington Representative of the
 
American Society of Mechanical Engineers.
 
Section N. 2 is a listing of State ehergy legislation or actions as
 
of June 1975 as compiled by Mr. Grant Thompson, Environmental Law Institute,
 
Washington, D. C.
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N.I FEDERAL ENERGY-RELATED LEGISLATION (as of June 1975)
 
Automobiles
 
S. 	 783 Research--ground propulsion systems
By 	 Domenici, Baker and Glenn 
To authorize a federal program of research and 
demonstration in connection with ground.propulsion 

systems. (To Commerce.) 

Statue: Hearing in Senate 3/12175 

S. 	 1120 Excise taxes-automobiles.fuel con-
sumption rate 

By 	 Case 
To amend the Internal Revenue Code of 1954 to 
impose an excise'tax on passenger automobiles 
based on fuel consumption rates and to allow a 
credit for the purchase of passenger automibiles 
which meet certain standards of fuel consumption,
(To Finance.) 
Status: 

S. 	 1508 See Consumer Legislation 
S. 	 1518 Autborizations--fiscal 1976 and 1977-
motor vehicle economy

By 	Moss(Utah), Magnuson, Hart(Mich.) and Hartke 
To amend the Motor Vehicle Information and Cost 
Savings Act (15 U.S.d. 1901 et seq.) to authorize 

additional appropriations, to establish fel e-. 

ficiency demonstrati9n projects, to provide ad-
ditional enforcement authority for the odometer 

antitampering provisions. (To Coimerce.)

Status: 

s. 	 1623 Fconomy--Basi Price Index 
By 	Nelson, Javits, Mondale and Laxalt 

To direct the Secretary of Labor to change the 
name of the Wholesale Price Index to the Basic 
Price Index. (To Post Office and Civil Service.)

Status: 

H.R. 3195 Income tax credits-motor vehicles-

i9q5 and 19T6 

By Annunzio 

To amend the Internal Revenue Code of 1954 to 

provide a credit against tax related to the pur-

phase of certain new motor vehicles during 1975 and 

1976. (To Ways and Means.) 
Status:
 
H.R. 3608 Excise taxcs--automobiles--weight 
By 	Roncalio 

To amend the Internal Revenue Code of 1954 to impose a temporary excise tax on passenger motor 
vehicles based on horsepower, to emend the National 
Traffic and Motor Vehicle SAfety Act of 1966 to 
prohibit the manufacture of passenger motor vehicles 

which do not comply with certain limitations with 
respect to weight, fuel economy, and horsepower.
(To Ways, and Means and Interstate and Foreign Com-
mere.)
Status: 
H.R. 3877 Excise taxes-motor vehicles-fuel 
consumption rate 
By 	 Obey 
To provide for the conservation of petroleum and 
other natural resources by imposing an excise tax 
on the sale of certain automobiles and granting a 
tax credit on the sale of certain automobiles ac­
cording to the rate at which such automobiles con­
sume fuel. (To Ways and Means,)
 
Status;
 
H.R. 4000 Air pollution control-emission 
standards--motor vehicles
 
By 	 Fiegle
To amend federal statutes regulating automobile 
emissions and automobile safety and to provide

certain rules with respect to automobile fuel ef­
ficiency to permit the manufacture of safe, non­
polluting, fuel efficient automobiles. (To Inter­
state and Foreign Comerce.) 
Status:
 
H.R. 4320 Excise'taxes--motor vehicles- fuel 
consumption rate
 
By 	Pike, Obey and Spellman 
To provide for the conservation of petroleum

and other natural resources by imposing an excise 
tax on the sale of certain automobiles and granting 
a tax credit on the sale of certain automobiles ac­
cording to the rate at which such automobiles con­
sume fuel. (To Ways and Means.)

Status: 
H.R. 4363 Energy-fuel economy-plotor vehicles
 
By Ashley

To regulate commerce and conserve gasoline byimproving motor vehicle fuel economy. (To Inter­
state and Foreign Commerce.)
 
Status:
 
H.R. 4432 Excise taxes-automobiles--fuel con­
sumption rate
 
By Litton and Santini
 
To provide an excise tax on every new automobile
 
in an amount relating to the portion of such auto­
mobile's fuel consumption rate which falls below
 
certain standards, to provide an Energy Research
 
and Development Trust Fund. (To Ways and Means.)
 
Status: 
H.R. 4519 Excise taxes-automobiles-fuel con­
sumption rate 
By Jeffords, Wilson(Texas), Coughlin, Pressler and 
Pattison
 
To amend the Internal Revenue Code of 1954 to
 
impose an excise tax on passenger automobiles based
 
on fuel-consumption rates and to allow a credit for 
the purchase of passenger automobiles which meet 
certain standards of fuel consumption. (To Ways and 
Means.)
 
Status: 
X.R. 4729 -Excise taxes-automobiles-fuel con­
sumption rate

By Vanik, Burke(Iss.), Fraser, Farris, Ottinger, 
Qute, Treen, Wirth and Wolff 
To amend the Internal Revenue Code of 1954 toprovide for a tax on every nev passenger automobile 
based on its fuel consumption rate, to provide for 
public disclosure of the fuel consumption rate of 
every ouch automobile. (To Ways and Means.)
Status: 
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11.1. 5085 Excise taxeos-a-tomobileo~fuex con-	 H.R. 6031 -Research-electric vehicles 
By McCormack, Brown(alif.), Teague, Mosher,
sumption,rate 

By Jeffords and Cleveland GoldHctr(Calit.), Hechler(W. Va.), Bell, Fuqua. 
To emend the Internal Revenue Code of 1954 to Symngton(J.W.-mo.), Winn, Roe, Thornton, Myers 
impose an excise tax on passenger automobiles ba (Pa.), sicuer, Ottinger, Hayes(Tnd.),uEmery, 

based on fuel consumption rates and to allow a Harkin, Dodd, Blonin, Hal, LloYd(Teenl), Pepper 
credit for the purchase of passenger automobiles and Yatron 
which meet certain standards of fuel consumption. To authorize in the Energy Research and Develop­
ment Administration a federal program or research,
(To Ways and Means.) development, and demonstration designed to promoteStatus: 
electric vehicle technologies and to demonstrate
 
the commercial feasibility of electric vehicles.
H.R. 5423 Energy-fuel economy-motor vehicles 

(To Science and Technology.)
By Anderson(Calif.) 
To regulate commerce and conserve gasoline by Status: 
improving motor vehicle fuel economy. (To Inter­
.B.6198 Besearch-electric vehicles
state and Foreign Commerce.) 
By McCormack, Brown(Calif.), Teague, Mosher,stats: 
Goldwater(Calif ).,Milford, Abdnor, Byron, Duncan 
(Tenn.), Ford(Tena.), Grassely, Guyer, 1arrington,
H.R. 547O Research--electric vehicles 
and Hicks, Jenrette, Koch, Ltjan, McCloskey, 1azzoll,13y McCormack, Brown(Clif.), Teague, Mosher 
Nix, PFritchard, Roino, Rosenthal, Sisk and Studds.
 Goldvater(Calif.) 
To authorize in the Rnergy Research and Devel To authorize in the Energy Research and Develop­
ment Administration a federal program of research,ment Administration a federal program of research, 

development and demonstration designed to promotedevelopment, and demonstration designed to promote 

electric vehicle technologies and to demonstrateelectric vehicle technologies and to demonstrate 
the commercial feasibility of electric vehicles.the conmercial feasibility of electric vehicles, 

(To Science and Technology.) (To Science and Technology.)
 
Status: 
 Status,
 
.E.5784 Air pollution control--emission 	 fl.R. 6315 Research--eleetric yehicles
 
1y McCormack, Brown(Calif.), Teague, Mosher,
standards--motor vehicles 

By Riegle, Cleveland, Daniel(W.C.-Va.), Diggs, Goldwater Calif.), Adrews(N.Dt), Cleveland,
 
Cotter, Downey, Edgar, m~eas(calif.), Fish,
Leggett, Whitehurst and Wilson(Tex.) 
Frenzel, Itagedorn, Helstoski, Lent, MIiler(Ohio),
To amend federal sratutes regulating automobile 

emissions and automobile safety and to provide Mitchell(I.Y.), Mcorhead(Pa.), oss(Calif.),
 
fllIman and Wilson(TeX.)

certain rules with respect to automobile fuel ef- Pickle. Staggers, Stark, 

ficiency to permit the.manufacture of safe, non- To authorize inthe Energy Research and Develop­
polluting, fuel efficient automobiles. (To Inter- ment, and demonstration designed to promote e­
leetric vehicle technologies and to demonstrate the
 state and Foreign Commerce.) 
commercial feasibility of electric vehicles. (ToStatus: 

Science and Technology.)
 
H.R. 5817 Excise taxes--motor vehicles--fuel Status;
 
onsumption rate
 1i.R. 635h Research-automobile prototypesBy Litton nd errington 

To provide an excise tax on every new automobile By Corman
 
To establish a research and development programin an amount relating to-the portion of such auto-

leading to advanced automobile prototypes. (To
mobile's fuel consumption rate which falls below 
certain certain standards, to provide an Energy Science and Technology.)
 
Research and Development Trust Fund. (To Ways and Status;
 
Means.)
 
L.R. 6531 Research-electric vehicles
Status. 

By McCormmck, Bron(Calif.), Teague, Mosher, 
.R.5844 Excise taxes--motor vehicles-horse- Goldwater(Calif.), Andrews(l.D.) and Solaz
 
To authorize in the Energy Research and Develop­power 

ment Administration a federal program of research,
By Evans(colo.) 

To amend the Internal Revenue Codb of 1954 to development, and demonstration designed to promote to demonstrateimpose a temporary excise tax oil passenger motor electric vehicle technologies and 

vehicles based on horsepower, to amend the National the commercial feasibility of electric vehicles.
 
(To Science and Technology.)
Traffic and Motor Vehicle Safety Act of 1966 to 
prohibit the manufacture of passenger motor vehi- Status: 
cles uhich do not comply with certain limitations 
with respect to weight, fuel economy, nd horse- H.R. 7117 
power. (To Ways and Means, and Interstate and By Scharp, Brodhead, Aeckhrtt, Moffett and Wirth 
To require automobile manufacturers to meetForeign Comerce.) 

mandatory fuel economy dtandards. (To InterstateStatus: 

and Foreign commerce.)
 
status:
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Coal and Mininq
 
H.R. 3217 Mining-coal-conversio
By 	Duncan(Tenn.) 
To amend the Internal Revenue Code to encourage 
development of processes to convert coal to low-

pollutant synthetic fuels. (To Ways and Means.) 
Status: 

H.R. 3333 Safety-occupational-coal mining 

By Perkins 

To amend the Federal Coal Mine Health and Safe-
ty Act of 1969. (To Education and Labor.) 
Status: 
R.R. 3h1i Income tax deductions-moving expenses 

By Duncan(Tenn.)
 
To amend the tax treatment of moving expenses. 

(To Ways and Means.) 

Status: 

1.R. 3439 Mining 
By Jolnson(Colo.) 

To povide that moneys due the states under the 
provisions of the Mineral Leasing Act of 1920, as 
amended, may be used for purposes other than public 
roads and schoOls. (To Interior and Insular Affairs. 
Status: 
H.S. 
.H.R. 3463 Mining--strip--regulation 
By Moorhead(Pa.) 

To provide for the cooperation between the 

Secretary of the Interior and the states with 
fespect to the regulation of surface coal mining 
operations, and the acquisition and reclamation of 
abandoned mines. (To Interior and Insular Affairs.) 
Status: 

H.R. 3836 Research-coal--universities 
By 	Derwinski 
To eslablish university coal research laborato-
vies and to establish energy resource fellowships. 

(To Science and Technology.) 

Oil and Natural Gas 

S. 	 745 Antitrust-competitive practices-petroleum 
industry 

By Nelson, Abourezk, McIntyre, Clark, Hathaway, 
Packwood and Leahy 
To amend the Interstate Commerce Act and to pro-
vide for regulation of certain anticompetitive
 
developments in the petroleum industry. (To 
Judiciary.) 

Status: 

S. 768 aergy-allocations--exemption 
By Sparkman 
To exempt small independent oil products from 
the Emergency Petroleum Allocation Act of 1973. (T 
Interior and Insular Affairs.) 
Status: 
S. 861 ETergy-allocationa-petrolem products 
By Church, Johnston, Fannin, Hansen(Wyo.), 
Sparkman, Gravel, Cranston, Thnney, Humphrey, 
Curtis, McGee, Bayh, Abourezk, Buckley, Montoya, 
Moss(Utah), Baker, Eastland, Hatfield, McClure,
 
Bentsen and Tower
 
To amend Section 4 of the Energency Petroleum
 
Allocetion Act of 1973. (To Interior and Insular
 
Affairs.) 
Status:
 
S. 922 Energy-alocations--natural gas
 
By Montoya
 
To mend the Natural Gas Act in order go give 
the Federal Power Confission emergency authority to 
allocate supplies of natural gas for agricultural 
purposes. (To Commerce.) 
Status: 
S. 	 973 Income tax-incentives--fuel use 
By 	 Bentsen
 
To amend the Internal Revenue Code of 1954 to
 
provide incentives for the efficient use of gaso­
line and the increased use of coal and to encourage 
the development of synthetic fuels and solar energy.
 
(To 	 Finance.) 
Status: 
S. 1113 Fublic lands-petrolem reserves-es­
tablishment.
 
By 	 Hatfiel,4 
To authorize the Secretary of the Interior to 
establish, on certain public lands of the United
 
States, national petroleum reserves, the develop­
meat of which needs to be regulated in a manner 
consistent with the total energy needs of the 
nation. (To Armed Services, Interior and Insular 
Affairs, and Banking, Housing and Urban Affairs.) 
Status:
 
S. 1138 Antitrust-competitive practices­
petroleum Industry 
By Hatfield 
To amend the Clayton Act to preseiv-e competition 
in the oil and gas pipeline industries in the 
United States. (To Judiciary.) 
Status: 
S. 1139 Mining 
By Hatfield 
To amend the Act of February 25, 1920 (30 U.S.C. 
226(b)), and the Outer Continental Shelf Lands Act 
(43 U.S.C. 1337). (To Interior-and Insular Affairs.) 
Status: 
S. 	 n18 Mining--oil and gas-leasing 
By Both 
To amend certain provisions of law relating to 
the leasing of oil and gas deposits of the United States. (To Interior and Insular Affairs.) 
Status: 
S. 1-86 States and municipaltios--costol states­
continental shelf development' 
By Hathaway 
To amend the Outer Continental Shelf Lands Act 
in order to conduct a comprehensive study of the 
Outer Continental Shelf, to promote the development 
of outer Continental Shelf oil and gas resources, 
to provide for protection of the environment, to 
promote competition in the production of oil and gas from the Outer Continental Shelf, to authorize 
N-5 
S. 1383 Mining-oil and gas--coastal zones H.R. 3323 Antitrust-petroleum industry--franchised 
By Benton dealers 
To amend the Outer Continental Shelf Lands Act By Litton, Steiger(Wis.), Roe, Roncalto, AuCoin, 
with respect to payments to be made under oil and Evans(Ind.), McKinney, Murtha, Simon, Fascell, 
gas leases pursuant to such Act. (To Interior and Hays(Ohio), Corna, Richmond, Thompson, Stark, 
Insuler Affairs.) Edwards(Calif.), Eilberg, Boggs, Studds, Hechler 
Status: (W. Va.), Zefretti, Sarbanes, Fraser, Ketchura and 
Coughlin.
 
To provide for protection of franchised dealers
S. 105 Energy-aalocations-gasoline 
in petroleum products. (To Interstate and Foreign
By Weicker 

To provide for the rationing of gasoline, to Commerce.) 
restrict imports of crude oil, to provide for the Status: 
conservation of energy. (To Banking, Housing and 
Urgan Affairs, Finance, and Interior and Insular H.R. 3324 Antitrust-petroleum industry--franchised 
Affairs.') 	 dealers
 
By Litton, Bleaster, Peyser, Neal, Sarasin and 
.Teffords. 
Status: 
S. 1524 Income tax deductions--deplction allowance To provide for protection of franchised dealers 
-oil and gas -ls in petroleum products. (To Interstate and Foreign 
By Hathaway Comeree.) 
To terminate percentage depletion for oil snd. Status:
 
gas ells- (To Finance.)
 
Status: H.R. 3399 Antitrust-petroleum industry­
franchised dealers
 
S. 1546 Armed forces-petroleum supply- Lllo- By Broomfield
 
cation To provide for protection of franchised dealers
 
By Jackson 	 in petroleum products. (To Interstate and Foreign
 
To amend Title 10, United States Code, to pre- Commerce.)
 
vent discrimination against the armed forces of the Status:
 
United States in the supply of petroleum products.
 
(To Judiciary.) H.R. 3481 States and municipalities--coastal
 
Status: states--shelf lands development
 
By Roe 
S. 1595 Imports--licenie fees--oil To amend the Coastal Zone Management Act of 192 
By Jackson and Fannin to authorize financial assistance to coastal states 
To authorize the payment of oil import license to enable t4em to study, assess, and plan the ef­
fees collected for imports into Puerto Rica, and fects of ff shore energy-related facilities and 
for imports into the uastms Territory of the Unit- activiticA in or on the Outer Continental Shelf on 
ed States from the U.S. Virgin Islands. (To Interi- 	 their coastal zones, and to provide for needed
 
or and Insular Affairs.) public facilities and services; to provide assist-
Status: ance to the coastal states for coordinating coastal 
zone planning, policies, and programs in contiguous 
H.R. 3273 Energy--domestic sujplies interstate areas. (To Merchant Marine and Fisheries)
 
By Preyer, Ashley, Carter, Coughlin, Davis, Devine, Status:
 
Dodd, Goodling, Helstoski, Hubbard, Regula, Roe,
 
Seiherling, Schneebeli. Trees and Yatron. H.R. 3594 Mining-oil shale-state share
 
To give greater a-surance that national and re- By Johnson(Colo.)
 
gional needs are satisfied in times of shortage of To provide that moneys due the states under the
 
natural gas and petroleum and its products. (To provisions of the Mineral Leasing Act of 1920, as
 
Interstate and Foreign Commerce.) amended, derived from the development of oil shale
 
Status: 	 resources, may be used for purposes other than 
public roads and schools. (To Interior and Insular 
H.R. 3322 Antitrust--petrolem industry-franchised 	 Affairs.) 
dealers 	 Status:
 
By Litton, McCloskey, Rees, Schroeder, Addabbo,
 
LaFalce, McCormack, Holtzman, Harrington, Ryan, H.R. 3753 Energy-natural gas-deregulation
 
Krebs, Lenti Wilson(Tex.), Ford(Tenn.), Anderson By Archer
 
(Ill.), Spellman Moorehead(Calif.), Abzug, Beard To provide that certain provisions of the Natur­
(R.I.), Gude, Gaydos , 'Mitchell(Md. ), Burgener, 	 al Gas Act relating to rates and charges shall not 
Downey and Stokes. apply to persons engaged in the production or
 
To provide for protection of franchised dealers gathering and sale bui not in the transmission of
 
In petroleum products. (To Interstate and Foreign natural gas. (To Interstate and Foreign Commerce.)
 
Commerce.) Status:
 
Status: 
 H.. 3755 Energy--natural gas-agricultural uses
 
By Bauman 
To establish priority allotments for natural gas
 
used Produce fertilizer and agricultural chemicals. 
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(To Interstate and Foreign Commerce.) 
Status:
 
H.R. 3808 Mining-oll and gas--Outer continental 
shelf 
By Studds 
To establish a policy for the management of oil 
and natural gas in the Outer Cotinental Shelf; to 
protect the marine and coasts-a environment; to 
amend the Outer Continental Shelf Lands Act. (To 
Judiciary, Merchant Marine and Fisheries, Interior 
and Insular Affairs, and Science and Technology.) 
Status; 
H.R. 3850 Imports-reduction--oll
By Cude 
To amend the Eiergency Petroleum Allocation Act 
of 1973 to redu6e foreign oil imports and reliance 
on such imports by directing the President to equit 
ably allocate gasoline and to recommend to the 
Congress an increase in the federal excise tax on 

gasoline purchases not subject to the program. 

(To Interstate and Foreign Commerce.) 

Status! 

rationing--authorityH.. 3870 Energy-gasoline 
By McYinney 
To amend the Emergency Petroleum Allocation Act 
of 1973 to direct the President to ration gasoline, 
to amend the Internal.Revenue Code of 195.4 to im-
pose an energy conservation tax on gasoline. (To 
Interstate and Foreigq Commerce, and Ways and 
Means.) 
Status: 
j.E. 3876 Energy-prices--natural gas
 
By Moss, Abzug, Adams, Badillo, Brodhead, Brown 
(Calif.), Burke(Clif.), Carney, Coruan, Dingell, 
Drinan, Eckhardt, Eilkerg, Edwards(Calif.), 
Fascell, Ford(Tenn.), Harrington, Matsunmga, 
Ottinger, Fees, Reuss, Richmond, Rooney, Scheuer 
and Sullivan. 
To regulate commerce and amend the Natural Gas 
Act so as to provide increased supplies of natural
 
gas, oil, and related products at reasonable price: 

to the consumer. (To Interstate and Foreign Coo-

meres.) 

Status: 

L.R. 3906 Energy-prices--oil 

By Vanik, Abzug, Ambro, AuCoin, Badillo, Bennett, 

Boland, Brademas, Burke(Calif.), Conyers, Corman, 

Danels(N.J.), Danielson, Duncan(re.), Edwards
 
(Calif.), Fascell, Ford(Mich.), Ford(Tenn.), 

Fraser, Gilman, Gude, Harris, Hechler(W.Va.),
 
Hicics and Hughes. 

To amend the Emergency Petroleum Allocation Act 
of 1973- to prohibit the President from increasing 
the price of certain crude oil by more than $1 per
barrel per year. (To Interstate and Foreign Corn-
merce.) 

Status: 

HR. 3981 See Enrironment 
H.R. 059 Energy-allocations-gasolire
 
By Adams
 
To amend the Emergency Petroleum Allocation Act 
Of 1973 to establish a program for the creation 
and distribution of gasoline entitlements. (To 
Interstate and Foreign Commerce.) 
Status: 
H.R. 4061 Income tax credits--foreign taxes-oil 
and gas wells
 
BY Daniels(H.J.)
 
To amend the Internal Revenue Code of 1954 to
 
deny percentage depletion In the case of of foreign 
ol and gas ells to deny-the deduction for in­
tangible drilling and development costs in the case 
of such wells and~tp deny the foreign tax credit 
for taxes paid to foreign countries which are at­
tributable to foreign oil related income. (To Ways 
and Means.) 
Status : 
R.R. h112 Miing-oil and gas-coastal zones
 
By Yates
 
To establish policy for the management of oil 
and natural gas in. the Outer Continental Shelf; to 
protect the marine and costal environment; to amend 
the Outer Continental Shelf Lands Act. (To Judici­
gry, Merchant Marine and Fisheries, Interior and 
Insular Affairs, and Science and Technology.)
Status: 
H.R. 4274 atural resources-natural gas­
priority use
 
By Andrets(N.D.), Davis, Stuckey and Evans(Colo.)
 
To provide priority system for certain agri­
cultural uses of natural gas. (To Interstate and
 
Foreign Commerce.)
 
Status:
 
H.R. 4282 Imports-petroleum-goverent purchase
 
By Cotter
 
To provide that all petroleum imported into the 
United States after Septeiber 1, 1975, shall not be 
available for pourchase other than by the Govern­
ment of the United States. (To Ways and Means, and 
Interstate and Foreign Commerce.) 
Status: 
H.R. 4-01 See Environment 
430T Ecology-recycled materials-oil 
BY elstoski 
To direct the Director of the National Bureau of 
Standards to issue regulations with respect to re­
cycled oil. (To Science and Technology, and Ways 
and Means.) 
Status:
 
H.E. .321 lbergy-shortage-natural gas 
By Freyer, McKinney and Mitchell(N.y.) 
To give greater assurance that national and 
regional needs are satisfied in times of shortage

of natural gas and petrolean and its products. (To 
Interstate and Foreign Commerce.)status : 
N-7 
H. B. 4442 Energy-ailocations-exemption and coal, and to return the proceeds of such tax 
By Pickle, Boggs, Anderson(Calif.), Waggoner, to the counties from which such oil, gas, or coa
Treen, Wright, Lng(La.), Van Deerlin, Waxmaa and was takes. (To Ways and Means.)

Krueger. Status:
 
To amend the Emergency Petroleum Allocation Act
 
of 1973 (Public Law 93-159) to exempt the first H.R. 5043 States ad municipalities-coastal

sale of the share of a state or local government states-continental shelf development 
or a subdivision thereof in crude oil produced in By Downeythe United States from the mineral or leasehold To establish a policy for the management of oil 
estate-of any state or local government or subdivi- and natural gas in the Outer Continental Shelf; to
sion owned lands. (To Interstate and Doreign Coin- protect the marine and coastal environment; to 
merce.) 
 amend the Outer Continental Shelf Lands Act. (To

Status: 
 Judiciary, Merchant Marine and Fisheries, Interior
 
and Insular Affairs, and Science and Technology.)
R. 4483 Energy-natural gas--agricultural uses Status:
 
By AndreVs(.D.), Mavis, Stuckey, Evans(Colo.),

and Bergland. 
 H.R. 5173 Public lands--petrolem reserves-
To- provide priority system for certain agri- establishment 
cultural uses of natural gas. (To Interstate and By Melcher, Johnso(Calif.), Steiger(Ariz.), Udall,
Foreign Commerce.) Skubitz, Clausen(Don'aH.-Calif.), Byron, Young

Status: 
 (Alaska), Santini, Johnson(Colo.), Tsongas,
 
Risenhoover, Patman, Bell, Taylor(N.C.), Ruppe,
H.R. 4488 Energy-allocation-c-:;ption Kastenmeier, Lujan, Mink, Sebelius, Meeds,

By Boggs,- Pickle, Breaux, Herbe - Burleson(Tex.), Steelman, Bingham and Ketchum.
 
Lujan, Patman, Young(Tex.), ColT.,.;(Tex.), Wilson To authorize the Secretary of the Interior to
 
(Tex.), Milford, Moore, lazen, Bro-oks, Archer, establish on certain public lands of the U.S.
Mahon, Roberts, 
 Steelman, Casey, 1Iannaford, national petroleum reserves the development ofPassman and Wilson(C.j.-Calif.) which needs to be regulated In a manner consistent 
To amend the Emergency Petroleum Allocation Act with the total energy needs of the nation. (lb
of 1973 (Public Law 93-159) to exempt the first Interior and Indular Affairs.)
sale of the share of a state or local government ol Status: 
a subdivision thereof in crude oil produced in the' 
United States from the mineral or leasehold estate H.R. 5279 Energy--allocations-petrolem products
of any state or local government or subdivision By Vanik and Leggettp ned lends. (To Interstate and Foreign Commerce.) To amend the Emergency Petroleum Allocation Act 
qtatus: 
 of 1973 to prohibit the President from increasing 
the price of certain crude oil by more than $1 per
.R. 4518 See Environment barrel per year. (To Interstate and Foreign Com­
merce.)

H.R. 4554 Energy-allocations-petroleum products Status: 
By Rousselot
 
To repeal the Emergency Petroleum Allocation Act H.R. 5505 House of Representatives committees­(To Interstate and Foreign Commerce.) select, establishment-natural gas and petroleum

Status: 
 reserves 
By AshleyH.R. 4907 Antitrust-competitive practices-
 To create a select committee to make investi­petroleum industry gaticns studies relating toand natural gas and 
By Hechler(W.Va.) petroleum reserves. (To Rules.)
To amend the Clayton' Act to preserve and promote Status: 
competition among corporations in the production of
oil, natural gas, coal, oil shale, tar sands, ura- H.R. 5510 Imports-license fees-oil 
nium, geothermal steam, and solar energy. (To By deLugo
Judiciary.) To authorize the payment of oil import licenseStatus: fees collected for imports into Puerto fico, and 
for imports into the Customs Territory of the
H.R. 11910 Antitrust--competitive practices- United States from the U.S. Virgin Islands. (TO
petroleum industry Appropriations.)
By Hechler(W.Va.) Status: 
To amend the Clayton Act to provide for ad­
ditional regulation of certain anticompetitive H.R. 5 663 Antitrust-petroleum Industry-franhis­developments in the petroleum industry. (To ed dealers 
Judiciary, and Interstate and Foreign Commerce.) By Sisk 
Status: To provide for the protection of franchised dis­
tributors and retailers of motor fuel. (To Inter-
H.R. 4958 Severance taxes--distribution-energy state and Foreign Commerce.)
sources Status: 
By Perkins t n s r o i ,% , 
To Impose a tax on the severance of oil, gas, RGIA 
a ooRv 
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H.R_ 5670 Government uontracts-ptroleum-foreign 
supply 
By 	Faseell 

To provide for the review of petroleum import 

supply contracts and to provide for authority for 

the government to enter into foreign supply col-
tracts and to provide for authority for the govern­
ment to enter into foreign supply contracts for 
petroleum. (To Ways and Means and Interstate and 
Foreign Ccmmerce.) 
Status.: 

H.R. 57h6 Government contracts 

By Harris 

To provide that oil and gas from federal lands, 
includinj'the Outer Continental Shelf, shall be 
produced by private persons under contract with the 
United States and marketed by the United States. 
(To Interior and Insular Affairs and Rules. 1 
Status: 
H.R. 5870 Energy-allocations--regulations 
By Drinan, Baucus, Bedell, Bingham, Brow(Calif.), 

Cornel, Cotter, Downey, Edards(Calif.), Ford
 
(Tem.), Gude, Hawkins, Hechler(W.Va.) and 

Helstoski. 

To require the President to take all necessary 

action to strictly enforce the regulation promul-

gated under Section 4 of the Emergency Petroleum 

Allocation Act of 1973 and all orders issued under 
such Act. (To Interstaje and Foreign Commerce.) 
Status:
 
H.L. 5871 Energy--allocations--regulations 
by Drinan, Hicks, Holtznan, Maguire, Mitchell(Md.), 
Noakley, Ottinger, Riohmond, Roe, Roybal, Solarz, 

Spellman, Stark, Thomppon and Tsongas 

To require the President to take all necessary 

action to strictly enforce the regulation promul-

gated under section 4 of the Emergency Petroleum 

Allocation Act of 19T3 and all orders issued under 
such act.. (To Interstate and Foreign Commerce.) 
Status. 

H.R. 6068 Justice Departnent-npeelal office-
natural gas 

By 	 McDade 
To establish a special office in the Department 
of 	Justice to represent industrial end users of 

natural gao in any proceeding before the Federal 
Power Commission with respect to the curtailment of 

natural gas supplies. (To Judiciary.) 
Status: 

H.R. 6127 Energy--rices--oil 
By Young(Fla.), and Tsongas
 
To amend the Emergency Petroleum Allocation Act 
of 1973 to provide for the equalization of residual
 
fuel oil prices charged to public,private, and in-
vestd-owned utilities and other persons using such 
oil. (To Interstate and Foreign Commerce.) 
Status-

H.R. 6310 Energy-price-oil
 
By Emery
 
To amend the Internal Revenue Code to encourage 
the continuation of family farms. (To Ways and 
Means). 
Status: 
H.R. 6377 Ecology-recycled materials-oil 
By Vanik, Bedell, Carr, Evans(Ind.), Ellherg, 
Fithian, annaford, Jeffords, Rangel, Seiberling,
 
Solarz and Stokes.
 
To provide for the recycling of used oil. (To

Interstate and Foreign Commerce, Ways and Means, 
Government Operations, and Sciened and Technology.) 
Status:
 
L.R. 6385 Antitrust-petroleum industry-

Franchised dealers
 
By 	Downey
 
To regulate commerce and to protect petroleum 
product dealers from unfair practices. (To Inter­
state and Foreign Commerce.) 
Status: 
H.R. 6520 Consumer proteetion-disclosure-gao­
line 
By Dingell and Conte 
To require that certain information about auto­
motive gasoline octane be disclosed to consumers. 
(To Interstate and Foreign Commepce.)
 
Status: 
H.R. 65ST.7Energy-prices
By 	Eilberg 
To amend the Federal Energy Administration Act 
of 1974 i 'order to provide for the prohibition of 
certain discriminatory practices in the pricing of 
fuels an4 other forms of energy, including elec­
tricity,fTo Interstate and Foreign Commerce.) 
Status;
 
H.R. 6598 Energy-Research and Development Admini­
stration-synthetic fuels production
 
By Perkins
 
To provide for acquisition and construction by
the Energy Research and Development Administrator
 
of facilities for the production of synthetic fuels
 
from coal and oil shale, for lease of such facili­
ties to private enterprise for operation and market­
ing of output, and for sale or other disposition of 
such facilities to private enterprise with certain
 
disposition of such facilities to private enter­
prise with certain options for such leases. (To
 
Interior and Insular Affairs.)
Status: 
H.R. 6927 See Transportation 
H.R. 7078 Ener y-prices--regulation 
By 	Brown(Ohio) 
To amend the Emergency Petroleum Allocation Act 
of 1973 by adding at the end thereof a new Section
 
with respect to crude oIl price regulation. (To
 
Interstate and Foreign Commerce, and Ways and 
Means.) 
status: 
N-9 
of 	the Atomic Energy Act of 1954, as ajended,R.H.. 716 Income tax credts..ecploration and 	 261 
and Section 305 of the Energy Reorganization Act ofdevelopment-oil 

By 	 Archer 1974. (To Atomic Energy.) 
To provide a tax credit for expenditures made Status! 
in the exploration and development of new reserves 
of oil and gas in the United States. (To Wss ani H.R. 3275 Authorizations-supplemental 1975-
Means.) 	 thclear Regulatory Commission 
Status: 	 By Price
 
To authorize supplemental appropriations tb the 
Nuclear Regulatory Comission for fiscal year 1975. 
Sol ar Geothermal, Atomic (To Atomic Energy.) 
and Energy from Solid Waste Status: 
S. 994 Authorizations-supplcncntal 1975-' H.R. 3809 Atomic energy-nuclear power 'facilities 
Nuclear Regulatory Commission By Thornton 
create a National Power Resources Authority
By Pastore To 
To authorize supplemental appropriations to the for the development of nuclear power facilities. 
Nuclear Regulatgry Commission for fiscal year 1975. (To Atomic Energy.) 
(To Atomic Energy.) Status: 
Status;
 
H.R. 3849 Housing-low interest loan program-
S. 	 1199 Atomic energy-uranium tailings-Utah insulation and heating equipment 
By Moss(Utah) By Chde
 
To authorize the Energy Research and Develop-
 To establish in the Department of Housing and 
ment Administration to enter into a cooperative Urban Development a direct low-interest loan pro­
agreement with the State of Utah to remove and gram to assist homeowners and buij#ers in purchas­
dispose of uranium mill tailings. (To Atomic ing and inst.lling solar heating (or combined solar 
heating and cooling) equipment. (To Banking, Cur-Energy.) 
Status: 	 rency and Housing.)
 
Status:
 
S. 1379 Income tax credits-solar energy equipment 
By Fannin H.R. 3909 Noise abatement-aircraft--sone booms 
To amend the Intdrnal Revenue Code of 1954 to By Wolff, Burkc(Calif.) , Roybal, Yates, Mitchell 
provide for tax credits for certain applications of (Md.), Harrington, Tsongas, Studds, Abzug, 
solar energy equipment. (To Finance.) Addabbo, Badillo, Holtman, Koch, Pattison, Hangel, 
Status: Scheuer, Solero, Seiherling, Eilberg and Ford(Tenn.) 
To prohibit commercial flights by supersonic air-
S. 14h Solid waste disposal--resource recovery craft into or over the United States until certain 
By Domenici and Staffotd findings are made by the Administrator 9 f the 
To amend the Solid Waste Disposal Act to author- Environmental Protection Agency and by the Seere-
Tze state program and~implementation grants, to en- tary of Transportation. (To Public Works and Trans­
bourage full recovery, of energy and resources from portation.) 
solid waste, to reduce waste, to control the dis-	 Status;
 
posal of hazardous wastes. (To Public Works.) 
Status: H.R. 1619 Housing--low interest loan program-­
insulation and heating equipment 
Giaimo, 
By Pastore and Baker Drinan, Edgar, Coughlin, Anderson(Calif.), Fascell, 
To authorize appropriations to the Nuclear Stark, Eilberg, Bedell, Richmond, Sarbanes, Yates 
Regulatory Commission in accordance with Section and Harris. 
261 of the Atomic Energy Act of 1954, as amended, To establish in the Department of Housing and 
and Section 305 of the Energy Reorganization Act of Urban Development a direct low-interest loan.pro­
19T4. (To Appropriations.) gram to assist homeowners and builders in purchas-
Status: 	 ing and installing solar heating (or combined solar 
heating and cooling) equipment. (To. Banking, Cur-
S. 1716 Authorizations 	 By Gude, Downing, Downey, Helatoski, 
S. 1717 Atomic energy--production sites rency and Housing.) 
By Pastore and Baker Status: 
To 	 amend the Atomic Energy Act of 1954, as 
amended, to provide for approval of sites for pro-	 H.R. 4945 Atomic energy--licensing--plutonium
 
duction and utilization facilities. (To Atomic 	 By Aspin, Abzug, Bndillo, Edgar, Edvards(Calif.), 
Fascell, Fish, Hannaford, Harrington, Hawkins, 
Status: Hechler(W.Va.), Holtzman, Hubbard, Koch, Moakley, 
Yoorbead(Pa.), Mottl, Neal, Ottinger hnd Pattison. 
Energy.) 

H.R. 3274 Authorizations-fiscal 1975-Nuclear To prohibit the licensing 6f certain activities 
Regulatory Commission - regarding plutonim until expressly authorized by 
By Price Congress, and to provide for a comprehensive study 
To authorize appropriations to the Nuclear of plutonium recycling; (To Atomic Energy.) 
Regulatory Commission in accordance with Section Status: 
N-i0 
H.R. 4946 Same as H.R. 4945 
H.R. 4971 Atomic energy--nuclesr power plants-
construction licenses 
By Fish and Pattisoa 
To terminate the granting of construction 
licenses of nuclear fission powerplants in the 
United States pending action by the Congress follow-
ing a comprehensive five-year study of the nuclear 
fuel cycle, with particular reference to its safety 
and environmental hazards, to be conducted by the 
Office of Technology Assessment. (To Atomic Energy) 
Status:
 
H.R. 54oG Atomic energy-nuclear fuel cycle study 
By Drinah 
To provide for a comprehensive five-year study 
of nuclear fuel cycle, with particular reference to 
its safety and environmental hazards, to be con-
ducted by the Office of Technological Assessment. 

(To Atomic Energy.) 
Status: 
H.R. 9460 Housing-low interest loan program­
insulation and heating equipment 
By ude, Mitchell(Md.), Fenwick, Mann, Jenrette, 
Stokes, ecker(Mass.), Blanchard, Hannaford, 
Cleveland and Wirth. 
To establish in the Department of Housing and 

Urban Development a direct low-interest loan pro-
gram to assist homeowners and builders inpurchas-

ing and installing solar heating (or combined solar 

heating and cooling) equipment. (To Banking, Cur-
rency and Rousing.) 

Status: 

H.E. 5698 Atomic energy 
By Lloyd(Tenn.), QuL!fen, Duncan(Tenn.), Prin 
(Tenn.), Fulton, Beard(Tenn.), Jones(Tenn.) and 
Ford (Tenn. ) 
To amend the Atomic Energy Community Act of 1955 
to authorize the Adtfnistrator of the Energy re-
search and Development Administration to make as-

sistance payments to Anderson County and Roane 
County, Tennessee. (To Atomic Energy.) 
Status: 

H.R. 5833 Research--magnetohydrodynamics 

By Baucus, Bedell, Carney, Carr, Cornell; Coughlin,
 
Daniels(N.J.), Frenzel, Harrington, Hawkins, Tchord, 

Krebs, Neal, Pepper, Roybal, Spellman, Studds, 

Tsongas, Weaver, Wilson(Texas), Winn and Yatron. 

To autfiorize a vigorous federal program of re-

search, development, and demonstration to assure 

the utilization of MlD Magnetohydrodynsnics) to as- 

sist in meeting our national energy needs. (To 

Science and Technology.)
 
Status; 

H.R. 5959 Income, tax credits-residential improve-
ments-nsulatioa 

By Wylie 
To amend the Internal Revenue Code of 1954 to 

provide a tax 6redit for expenditures by a taxpayer 

for solar heating and cooling equipment installed 

in new or existing buildings, and a tax credit for 
expenditures by an individual for insulation in such 
individual's principal residence. (To Ways & Means.) 
H.R. 6329 See Environment 
H.R. 6394 Atomic energy-licenoing--Plutoni= 
By Aspin, Bedell, Biagham, Burke(Calif.), Carr, 
Carter, Daniels(N.Js), Fenvick, Fraser, Hall, 
Harkin, Heckler(Mass.), Metealfe (Ill. ), Moakley, 
Moffett, Richmond, Bodino, Roe, Rose and Rosenthal. 
To prohibit the licensing of certain activities
 
regarding plutonium until expressly authorized by
 
Congress, and to provide for a comprehensive study
 
of plutonium recycling. (To Atomic Energy.)
 
Status:
 
H.R. 6584 Income tax credits-nvestnt credits­
insulation 
By Gude 
To amend the Internal Revenue Code of 1954 to 
allow a taxpayer to amortize over a 60-4onth period, 
solar heating and 'coling equipment, which is 
placed in service for nonresidential structures, or 
in lieu of such amortization, to take an investment 
tax credit for such equipment. (To Ways and Means.) 
Status:
 
H.R. 6870 Atomic energy-nuclear power plants­
construction licenses
 
By Fish, Abzug, Bedell, Blouin, Bonker, Chisholm,
 
Dellums, Edgar, Fenvick, Harkin, Hechler(W.Va.),
 
Mezvinsky, N$tchell(Md.), Moakley, Moffett, Mottl,
 
Pattison, Rodino, Rosenthal, RoybAl, Seiberling 
and Weaver,
 
To termindte the granting of construction
 
licenses of nuclear fission powerplants in the
 
United States pending action by th Congress fol­
lowing a comprehensive 5-year study of the nuclear 
fuel cyclt, yith particular reference to its safety 
and environmental hazards, to be conducted by the 
Office of Technology Assessment. (To Atomic Energy.) 
Status:
 
H.R. 7001 Authorizations
 
By Price 
To authorize appropriations to the Nuclear Regu­
latory Commission in-accordance with Section 261 
of the Atomic Energy Act of 19 4, as amended, and 
Section 305 of the Energy Reorganization Act of
 
1974. (To Atomic Energy.)
 
qtatus: 
H.R. 7002 Atomic energy--production sites 
By Price
 
To amend the Atomic Energy Act of 1954, as 
amended, to provide for approval of sites for pro­
duction and utilization facilities. (To Atomic 
Energy.) 
Status:
 
H.R. 7130 H6using-low income-energy conversion
 
improvements
 
By Gude and Fithian
 
To establish In the Department of Housing and 
Urgan Development a direct log-interest loan pro­
gram to assist homeowners and builders in purchas­
ing and installing solar heating (or combined solar 
heating and cooling) equipment. (To Banking, Cur­
rency and Housing.)
 
Status:
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Other 
S. 714 Research--magnetohydrodYntmiea S. 1149 Energy-conservation 
By Mansfield and Metcalr(Mont.) By Humphrey and Jackson 
To authorize a vigorous federal program of re- To provide for a national fuels and energy con­
scarch, development, and demonatration to ansure aervation policy, to establish a national energy 
the utilization of I-IUD (magnetohydrodynamics) to conservation program. (To Interior and Insular Af­
(To fairs, Banking, Housing and Urban Affairs, Commerce,assist in meeting our national energy needs. 

Interior and Insular Affairs.) Finance, Goverxent.Operations, and Public Works.)
 
Status: 	 Status:
 
S. 808 Housing-lov income-fuel stamps S. 120 Energy-Energy Production Corporation 
By hartke and Humphrey By Schweiker 
To establish an emergency fuel stamp program to To establish the Federal Energy Production cOrPO­
assist low-income houselholds to meet the rising ration, (To Interior and Insular Affairs.) 
cost of fuel used in home heating and cooking. (To 	 Status:
 
Labor and Public Welfare.) 
Status: S.1208 Energy 
By Metcalf(Moft..), Mansfield, Humphrey, Moss(Utah), 
S. 	 891 Income tax-incentives--energy conservation McGovern, Abourezk and Hathaway. 
To 	 improve the nation's energy resources. (ToBy 	 Mathias(Md.) 
To amend the Internal Revenue Code of 1954 to Commerce.) 
provide incentives for energy conservation. (To 	 Status:
 
Finance.)
 
Status: S. 1392 Eergy-conservatiol-demonstration pro­
gram
 
S. 911 Public buildings-energy conservation- By Tunney 
design To establish a demonstration program in energy 
By Pell conservation, using promising innovative technology 
To encourage the conservation of energy by re- to the maximun extent possible, through retrofit­
quiring that certain buildings financed with feder- ting existing buildings with energy conservation
 
al funds are so designed and constructed that the equipment and systems. (To PubliQ'vorks, Commerce
 
windows in such buildings can be opened and closed and Government Operations.)
 
manually. (To Banking, .Housing and Urban Affairs.. Status,
 
Status:
 
S. 	 1515 Eccise taxes-gasoline-increase 
S. 984 States and mfnuicipalities-lamd resources By Stafford 
development programs- To mend the Internal Revenue Code of 1954 to 
By Jackson, Abourezk, Brooke Bumpers, Church, encourage efficient energy use, Eo reduce United 
Cranston, Gravel, Hasrt(Mich.), Haxt(Colo.), Haskell 3 States dependence on foreign petroleum. (To
 
Hatfield, Hollings, Humphrey, Inouye, Javlts, Finance.)
 
Kennedy, McGee,.Magnuson, Metcalf(Mont.), Mondale, Status:
 
Montoya, Nelson, Packwood, Randolph, Ribicoff,
 
Stevenson, Tunney and Johnston. S. 17h2 Energy
 
To authorize the Secretary of the Interior to By Brooke and Metcalf(Mont.) 
make grants to assist the state's to develop and To amend the Federal Energy Administration Act 
implement state land resource programs and to as- of 19j4 in order to provide for the prohibition of 
sist Indian tribes to plan the use of tribal lands; certain practices which encourage additional use of 
to encourage expeditious energy facility siting electricity and natural gas. (To Commerce.) 
decisions; to coordinate federal programs which status: 
significantly affect land use; to encourage re­
search on and training in land resource planning S. 17T Ecology- environmental protection--lec­
and management; to establish an Office of Land Re- trical power supply facilities.
 
source Planning Assistance in the Department of the By Randolph, Jacksen and Magnuson.
 
Interior. (To Interior and Insular Affairs.) To require that new and, to the extent practic-

Status: 	 able, existing electric poverplant boilers and
 
major i5ndustrial boilers which utilize fossil fuels
 
S. Ii12 Energy-Energy Trust FunA be capable of utilizing coal as their primary 
By Gravel energy fuel in conformity with applicable environ-
To establish an Energy Trust Fund funded by a mental requirements. (To Interior and Insular Af­
tax on energy sources, to providefor the develop- fairs and the Committee on Public Works.) 
'ment of domestic sources of energy and for the more Status: 
efficient utilization of energy. (To Finance.) 
ousing-low and mddle income-energyStatus: 	 H.R. 3573 
conservation improvementa
 
By Barrett and Reuss. • 
To 	 assist low and middle income owners of resi­
dential structures in purchasing and installing 
energy conservation improvements. (To Banking, 
Currency and Housing.) 
ORIGjALY PAj OOR QUALrny 
H.R. 3750 Energy--Energy Conservation Corporation 
By McFal, Teague, Ezhleman, Ashley, Badillo, 
Brademas. Brown(Calif.), Burke(Calif.), Carney, 
Corman, Cotter, Danicls(N.J), Danielson, Drinen, 

Edards(Calif.), Eiberg, Florio, Ford(Tenn.), Ford 
(Rich.), Hawkins, Helstoski, Hubbard and Hungate. 
To establish a National Energy and Conservation 
Corporation (AM-POWER), and for other purposes. (To 
Interior and Insular Afairs and Science and Tech-
nology.)
 
Status: 
H.. 3775 Public utilities 
By Forsythe 

To assure proteetion of environmental values 
while facilitating construction of needed electric 
power slipply facilities. (To Interstate and Foreign 
Commerce.) 

Status:
 
H.H. 3860 Energy--Energy and Conservation Corpo-
ration 
BY Hammerschmidt 
To establish a National Energy and Conservation 
Corporation (AM-POWER). (To Interior and Insular 
Affairs, and Science and Technology.) 
Status:
 
H.R. hO71 Energy-allocations-exemption 
By 	Heinz 

To provide for more effective congressional re-
view of administrative actions which exempt petro-
leum products from the Energency Petroleum Alloca-
tions Act of 1973, or which result in a major in-
crease in the price of domestic crude oil; and to 
provide for an interim extension of certain expir-. 
ing energy authorities. (To Interstate and Foreign 
Comerce.) 
Status. 

I.R. 4434 Energy--Energy and Conservation Corpo-
ration 
By McFall, Teague, Udall and Bergland 
To establish a National Energy and Conservation 
Corporation (AM-POWER). To Interior and Insular 
Affairs, and Science, and Technology.) 
Status: 

H.R. 4658 Mining--oil and gas--offshore leasing 
By Bell, Mller(Calif.), Ryan, Stark, Corman, 
Maguire, Abzug, Hawkins, Krebs,-Hannaford, Roybal, 
Emery, Helstoski, Carney, Ambro, Cleveland, Rich-

mond, Solarz and Holtzman. 
To amend the Outer Continental Shelf Lands Act 
to provide a procedure for congressional disapprov-
Al of offshore oil and gas leases. (To Interior and 
Insular Affairs, and Rules.) 
Status: 

LN. 4693 Energy-shortges-natural gas 
By McDade 
To give greater assurance that natibnal and're-
gional needs are satisfied in times of shortage of 
natural gas and petroleum and its products. (To 
Interstate and Foreign Commerce.) 
Status: 
H.N. 4728 Income tax credits-residential improve­
mets-thermal design. 
By Vanik, Alexander aud Wolff 
To emend the Internal Revenue Code of 1954 to 
allow an income tax credit or a income tax deduc­
tion for certain expenditures of a taxpayer relat­
ing to the thermal design of the residence of such 
taxpayer. (Tb Ways and Means.) 
Status: 
H.R. 4799 Rural atfairs
 
By Poage

To amend Sections 306 and 308 of the Rural
 
Electrification Act of 1936, as amended. (To
 
Ariculture.)
 
Status:
 
H.. 4858 See Environment 
H.R- 4862 Energy-nergy and Conservation Corpo­
ration
 
By McFall, Teague and Hannaford.
 
To establish a National Energy and Conservation 
Corporation (AMPOWER). (To Interior and Insular Af­
fairs, and Science and Technology.)
 
Status:
 
H.R. 4876 Housing-low and middle income-energy

conservation improvements
 
By St. Germain
 
To assist low- and middle-income owners qf resi­
dential structures in purchasing and. installing 
energy conservation improvements. (To Banking, 
Currency and Housing.) 
Status:
 
H.P. 4907 Antitrust--competitive practices­
petroleum industry
 
By 	 Hechler(W.Va.) 
To amend the Clayton Act to preserve and promota 
competition among corpor atibns in the production of 
oil, natural gas, coal, oil shle, tar sands, ura­
nim, geothermal steam, and solar energy. (To 
Judiciary.) 
Status: 
H.H. 5005 Energy-conservation 
By Ullman 
To provide a- comprehensive national energy con­
servation and conversion program. (To Ways and 
Means.) 
Status:
 
L.H. 5027 Consumer protection-energy supplies
 
By Roybal, Burke(Calif.) and Drinan 
To regulate commerce by assuring that adequate 
supplies of energy resource products will be avail­
able at the lowest possible cost to the Consumer.
 
(To Interstate and Foreign Commerce.) 
Status;
 
H.R. 7080 Public buildings--energy conservation­
design 
By Cleveland and Howard. 
To insure that certain buildings financed with 
federal funds utilize the best practicable tech­
nology for tlii conservation and ase of energy; (To 
Public -Works and Transportation. ­
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N.2 STATE ENERGY-RELATED LEGISLATION (as of June 1975)
 
-Signed by the Governor
 
1. Utilities/Public Power 
Colorado-HIGG6 	 Permits political subdivisions which own municipal

electric systems to provide any service through
 
the establishment of a separate entity to produce,
 
generate, and transmit electric power and energy
 
supplies.
 
Connecticut-SIO8I 	 Concerning the establishment of a public utilities 
control authority.
 
Coniecticut-S3ll* 	 Concerning the establishment of muncipal electric
 
energy cooperatives.
 
Georgia-N1* 	 Creates the Georgia Municipal Electric Authority
 
to acquire, construct....
public projects. ebracing
 
generation and transmission of electric power
 
and energy.
 
lowa-149O8* 	 Make technical amend,_nts to clarify that tne powers to 
form joint electrlcal utilities are given to cities,
rather than city utilities which are not municipal

corporations.
 
Maine-H414(LDSOl)* 	 Act to authorize the plantation of Matinicus to
 
establish an electric power generating authority.
 
lebraska-LB6G* 	 Provide procedures for any city or village to
 
contract for energy. 
Nebraska-LGZ" 	 Provides tnat the exercise of powers of public
 
power districts raybe delegated.
 
Nebraska-LB63* 	 Changes when sealed bids shall be required prior
 
toentering Into contracts.
 
Nebraska-LB104* 	 Provide powers to contract for the generation

of electric poder and energy.
 
Nevada-ACR3 	 Directs the Legislative Commission to study electric
 
utility companies, gas utility companies and the PSC
 
of Nevada.
 
Nevada-A500 	 Creates an energy management division within the
 
the PSC of Nevada.
 
Nevada-A275-	 Creating a,cor.ilttee to study electric utility cOm­
panies, gas utility copanios and the-Public Set­
vice Co=.ission of Nevada
 
North Carolina-H66 	 Authorizing municipalities in tne State of North
 
Carolna to jointly cooperate in the generation and 
transmission of electric po.er and energy and to jointly own and operate facilities therefor.
 
North Carolina-SR343' 	 Urging tne North Carolina Utilities Coc,,*ission
 
toconduct a fuel allocation policy study and to de­
veloi a long-tern policy for the State.
 
Pennsylvania-Sg8* 	 Investigate cause of power failures and reason'
 
for high cost of electricity. 
Rhode Island-S651l 	 Reguiating the ownership of electric generating 
facilities.
 
Rhode Island-HR5920* 
South Cvkota-H764* 

South Dakota-H767t 

Tennessee-S764* 

Utah-IIlll* 
Utah-S87* 

Utilities/Rate Structure
 
Connecticut-Sl595* 

Idaine-5469(L1603)* 

Maine-.t01663* 

Haryland-148 (Vetoed) 

Michigan-HR17-

North Carolina-i506-

North Carolina-H365-

North Carolina-Sl33* 

North Dakota-HCR3Oe8S 

Uti Ii ties/Consumer Advocacy 
Connecticut-H7491 

ConnecticUt-H7623 

Oelaware-S241* 

Resolution to study the feasibility of the State of 
Rhode Island aeveloping and o~rng any and all new
electric generating facilities witnin the State. 
Legalize and "valloate,certain ex;endltures, acodisltlons 
and contracts made by and entered into by consumers
 
power districts.
 
Relating to contractual posers of a consumers po.er
 
district.
 
Perits tancipalities to build and operate energy re­
duction and delivery facilities.
 
.Ot-ize joitnparticipation betdeen Utah cities, 
'E.rc". :_z.n:e inplanning, financing,
cons:r.' ct. ocqulsiziun, oAersni , operation and 
caintucance o- trar..a:Po.a' facilities. 
Adding electrical facilities to items for which
 
mu~ncpalltes ray issue bonds. 
Concerns state payxent of utility bill interest 
cuar.ds. 
Pronibit the arbitrary ilpos tLon of certain fuel charges
by electric power utilities.
 
Requires too PUt to consid,. the efficiency with hich, 
a utilityoparates In grantlnq rate increases.
 
Requiring the ?blic Service Coxwission to study 
certain rate structures Lsed by gas and electric 
coeparies under its jarssdiction and investigate 
alternatives.
 
Creating a special co-nnittee to study the various 
factors weich determine the rate structure of public
 
utilities.
 
Authorizes the Utilities Coreission to establish rules for 
filing rate cases. 
Provides for the fixing of utility rates in N.C. based upon
the reasonable original cost-of tre property used and
 
useful inproviding service to the public.
 
Enlarges the North Carolina Utilities Commission;

requires separate hearing on rate increases based

solely upon fuel costs.
 
Directs the Legislative Council to conduct a study
of the Public Service Coc'ission's authority to 
establish electrical rates. 
An act concerning the termination of service by
Public Service Ccpanis. 
An act concerning adverzisii by gas and electric 
public service co;panies. 
Exempts the gross recipzs and tariff charges re­ceived by electricity, gas ardtelegraph c&pznies
fra, residanta: cons--ers and users and the sale 
p.ice or tariff cnzrs paid by resiaential consucers 
to the tekephone cOmparY from te public utility tax. 
N-1 5
 
Delaware-SCR28-	 Directs %he Public Servke C-,Vpssion to adopt regula­
tiers requiring utility cc ph..ies of this ;taLe to in­
stitute and publisq a customer bill of rights e,tablish­
ingcertain procedures for resolving customer compllints. 
Delaware 4222-	 Subst',, lissd.1ly rcvises icense. occupation
licerces, and tne ,:oecattlie -ax. Adds a gross re­
ceip:., --i. ;: a.., to c~cupatio.ial licenses,
required f all re:a;2iigoos 	a d services. 
Georgia-H473* 	 Previes that no gas or electric utility co,'pany shall
 
cut of service tecause resident has failed to pal for
 
any aipliance purchasez froi such company. 
Indiana-S535* 	 Relates to the pcder of tre Pbblic Service Can­
mission to charge rate schedules without hearing
proCcniures. 
aryland-HiS5 JVetoed) 	 Providing electric bill savings to the citizens of O POOR 
certa.n counties wsile maintaining air quality 
at levels fully acequate to protect the public 
health and preserve the environment. 
West Virginia-H966 	 Requiring the commission to hold a full public hearing
 
-(Veto Overriden) 	 before allowing a public utility to Increase price 
charged for electricity due to certain increased 
fuel costs. 
Tax Exemptions/Motor fuel 
Georgia-H617* 	 Provides that sale of rotor fuel to an ultimate con­
st'er who has both high and nonhighway uses shall 
not be subject motor fuel tax. 
Gcorgia-H31* 	 Relates to exem.ptions for motor fuel other than 
gasoline used for.nonnighvay purposes.
 
Montana-fH3* 	 Relates to the school transportation reimbursement
 
rate schedules, providing an increase of the bus
 
per mile reinbursement. 
South Oakota-S287(Vetoed) 	 Relating toexemption of motor fuel used for agricultural 
purposes from taxation. 
Tax Exemptions/Heating Fuel 
Vermont-S54* 	 Exempt electricity used in residences and heating

fuels used inresidences from the sales and use tax.
 
Tax Exeaptions/Building Efficiency 
Montaa-i663-	 Encourages investment in nonfossil forms of energy 
generation anc in energy conservation in buildings
through tax incentives and capital availability. 
Tax Exemptions/Incentives/Solar 	 Heating and-Cooling 
Arizona-51011, 	 Aendments to tle act providing for tax deductions 
for installing solar energy devices.
 
Coloardo-S75-	 Concerns the valuation for assessment of solar 
-heating and cooling devices. 
Maryland-1l604* 	 Reuiring that solar energy heating and cooling 
units used incertain buildings be assessed in a
 
manner so as to rot exceed the assessment of conven­
tional heating and cooling units. 
Moncana-H663* 	 Encourages Investment in nonfossil forms of energy
generation and inenergy conservation in buildings
 
through tax incentives ano capital availability.
 
New Mexico-Sl 	 Providing for a credit against personal income tax 
due to the conversion to or constrjctiors of solar 
energy systems; rovid ag for a refund to taxpayers.
if credit allo.ed exceeds tix liability. 
North Dakota-S2439-	 txenption fre property taxes and sales and 
use taxes of solar energy systems to heat or co0l 
buildings and structure,. 
pa'TA~
PA'G. 
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Tax Exemptlons/Incentives/Solar Reating and Cooling 
Oregon-O2202 Provides tax exemption on increased value of property 
as a result of soXr energy heating and cooling systems. 
South Oakota-SZ83* Provices for a property tax deduction for the utiliza­
tion of solar energy systems. 
Tax Exemptios/Utility Sales -
South Dakota-S32* 	 Act relating to the exemption of fuel used by 
utilities and industry from the use tax isrepealed. 
Tax Applibatlons/Oepletlon
 
California-A177* 	 Limits the total accumulated amobnt of depletion that
 
would be taken to an amount equal to the adjusted cost
 
of a taxpayer's interest insuch oil or gas wells hhich
 
is subject to recovery torough the application of the
 
depletion allowance.
 
Delaware-Hl3/* 	 Oisallows dedbctions for percentage depletion of 
oil and gas wells incomputing taxable income.
 
Tax Applications/Motor Fuel
 
Colorado-S27 	 Deletes requirement for an annual permit to use
 
special fules; allows permit to reain in effect un­
til the vehicle issold or the owner fails to file
 
a report to pay the special fuel tax.
 
Velaware-H130* 	 Relating to the motor fule tax by increasing the
 
.tax on special fuel.
 
Xinnesota-H1722* 	 Increases the excise tax on gasoline and gasoline
 
substitutes.
 
Montana-11295* 	 Imposes a license tax in lieu of a fuel tax on each 
and every vehicle self-propelled upon the public
 
highnays and streets of this State using liquid 
petroleum gases.
 
South Oakota-H567* 	 Relating to the imposition of the tax upon motor 
fels, and providing for a municipal motor fuel tax
 
fund.
 
"taine-H1lC31(L161) 	 Makes clear that interest applies when a report is filed by a gasoline distributor ,ithout payment as well as 
when no report is filed.
 
Franchiser Protection/Retailer Prerequisites
 
Arkansas-S38* 	 Clarify the contractual relationship between petroleum
products suppliers or petroleum products distributors 
and petroleum products dealers as defined herein.
 
Maine-H124(tDl6O)* 	 Relating to use fuel tax audits. 
flaine-Hl31tD161)* 	 Makes clear that interest applies when a report Is filed by a gasoline distributor without payment, as 
well as when no report is filed. 
Ninnesota-H486* 	 Term "Franchise" includes agreements under which 
te franchisee ay rarket rotor vehicles and otor 
vehicle fuel. 
Eawaii-Si699* 	 Concerning the procurement, control, distribution and 
sale of petroleum products.
 
Paine-f735[L0920)* 	 Regulates the distribution and sale of motor fuels. 
Vermont-519 	 Gives service station operators certain rights
 
when dealing with tie oil companies supplying them

with oroducts. 
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Conservatlon/Energy Price Labeling
 
Connecticut-17617 	 Concerning posting of gasoline signs.
 
Conservation/Appliance Lableing
 
Californla-S213 	 No person shall be sold any new gas appliance with­
out cotaining a seal of certification.
 
Conservation/Ruilding Efficiency Standards
 
Callfornia-Sllg* 	 Relates to energy conservation standards for
 
nonresidential builoirgs.
 
ilnnesota-H923* 	 Postponing the deadline for promulgation of energy
 
conserving building design and construction stan­
dards by the comissioner of a&inistration from
 
April 1, 1975 to July 1, 1975.
 
New lexico-H395* 	 Provioing that a feasibility study of the energy

source for heating and air conditioning must be made 
before any contract isexecuted for the construc­
tion or major alteration of a state building. 
Nevada-A716 	 Requires adoption of cinic,-n insu ,ation standards for
all public and private bjildings constructed inNevada, 
North Carlina-S151 	 Requires state agencies to maake
energy consuniption
analyses of 7ajor construction of renovation of buildings. 
North Carollna-SRl4g* 	 Conservation of energy through the North Carolina
 
Building Code.
 
North Carollna-SR150* 	 Energy conservation through "Energy Consumption
 
Analysis" of goverrment buildings, including schools.
 
Oregon-SZ83 	 To provide maximum energy conservation indesign,

construction and repair of buildings. 
Texas-S516-	 Relates to energy conservation In certain buildings,
 
tonservationApal anceEfficincZ StrdardlndustrIaI
 
North carollna-S420* 	 Establisnes an expansion policy for elertric utility 
plants n MC.tnpraore grealer efficiency in the use 
of all edisting plants.-end to reduce electricity costs 
by requiring greater conservation of electricity. 
Research and Development
 
Iowa-5289-	 Appropriation of monies to a research (energy) and
developnent fund.
 
Nontana-S86* Creating a fund for research, developoient and do­
onstration of alternative energy sources and allo­
cating certain revenue froc coal taxes to the fund. 
New Mexlco-Sl85* 	 Relating to energy research and development; creat­
ing the energy research and development Review
 
Con,,ittee.
 
Resource Development/Nuclear
 
Arkansas-H659* 	 Establish within Mhe Ariansas lepartment of health 
a statewide radiation control financial responsibility 
prestmv er-braci.g licensee performance bonding and 
Perpetual care trusts. 
,
Connecticut-H7661 	 An ,ct concerning creation of a teiporary nuclear 
power evaluaticn'council.
 
Kansas-HZO71* 	 Relating to the nuclear energy council. 
evada-A761* 

Oregon-SSS* 

Oregon HZOZ 

Oregon-I JR31 

Rhode Island-SSoS 

Rhode Island-H5219 

(Vetoed) 

Vermont-1M27* 

Virginia-1l4l64* 

Designates health divison of Department of Human Re­sources as State Radiation Control Agency.
 
Permits health division to take emergency action to safe­guard public against radiation sources; requires hearings
in certain cirunstances: 
Permits the holder of a permit to construct a nuclearfueled thermal power plant to contract to rake advance payments to local governments. 
Directs Nuclear and Thermal Energy Council to designateas unsuitable for thenal power plants inNewberry
Crater, Lava Cast Forest and roadless areas. 
Investzgates the construction of coal-fired power plantsas a viable alternative to the construction of nuclear 
power plants.
 
Reserving to the general assembly exclusive Juris­
diction over all plans for the location and con­
struction of an oil refinery or a nuclear plant any­
where within the State.
 
Provides for legislative review in the siting of nu­
clear power plants.
 
Pa!t.nq to the definitions for radiation control 
and thIepowers onC duties ef the state department 
of health as the State Raiation Control Agency. 
Resource Development/Facility Siting
 
Connecticut-S994 

Connecticut-18262 

Connecticut-SI8 

Georgia-SRI23r 

Maryland-l??* 

Xontana-H453* 

Xontana-RHSl* 

North akota-S20OO* 

North CarolIna-SS49* 

Tennessee-S301* 

Tennessee-S362* 

Wyoming-Xl25* 
Resource Developaent/Revenue 
Akizona-HtZ4OO4* 

Colorado-Sg4* 

Concerning the Power Facility Evaluation Council.
 
Concerning the authority of the Power Facility
 
Evaluation Council.
 
Concerning regional referenda for oil refineries.
 
Creates the Pcder P;ant Siting Study Comittee.
 
Establishes local government controls over the
 
siting of coastal petroleum refineries.
 
Providing for the saspension of action on certain
 
applications for certificates of enviromental com­
patibulity and pjblic need for two years during which

time a comprenensi e ,vsntanaenergy policy andplan

shall be formulated.
 
Amends the Montana Utility Siting act of 1973.
 
Provide for energy conversion facility and trans­
mission facility siting authority by the Public
 
ServiceComnission.
 
Establishes a Utility Review Comittee.
 
Enacts the Energy Facility Siting Act of 1975.
 
Changes definition of "Energy Recovery Facility" to in­
clude recovery for use inproduction of electricity. 
Relates to major industrial facili-ties siting. 
Urging New Mexico to reconsi er its enactment of It$ 
"Electrical Energy Tax Act' and urging Congress toenact legislation prohibiting the imposition of such
 
a tax by any State.
 
Concerns the oil shale special fund; providing that
 
interest earned by federal mineral leasing woneys

fIocoil shale lands shall be expanded for the same
 
purposes as the original leasing moneys.
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Delaware-i97 	 Relaing to a tax on petroleum refineries. 
(Vetoed)
 
Montana-Sl3* 	 Providing for a severance tax on coal produced at
 
25' of value.
 
Montana-514* Replaclng the natural gas distributors' tax with
 
a severance tax on the production of natural gas.
 
Kevoda-AlS8 Relating to lease of state lands; increasing the
 
royalty under oil, coal or gas leases.
 
ted Nexico-SESr8 	 Imposes a tax on tne generation of electricity. 
NfeMexico-S186* 	 Creating the Energy Resurces Comission; increasing

the rate of oil and gas conservation tax and extend-

Ing its application to all other foris of energy
 
severed from tne soil of New ::etico.
 
Resource Development/Renewable Resources
 
- Arizona-SIl08* 	 Establishing a solar energy research cumission-and 
a solar energy research council. 
Colorado-Sg5 	 Concerns solar ease ents, and provides for the
 
creating and conveyancing thereof.
 
Maine-5175(L0544)* 	 Protects tidal resources as a source of power
 
generation.
 
"Rontana-57g* 	 Requiring the owners of oil and gas wells to fil
 
bottoci-hole teoperatures with tne board of oil and 
gas conservation to facilitate the discovery of po­
tential geotrienral energy sources. 
flevada-S158 	 Relating to geotreroal resources. 
Nevada-SCR28 	 Directs state engineer to appoint a coittee to 
study goverraent regulations pertaining to develop­
nent, control and conservation of geothermal re­
sources in Ilevaca. 
New Mexico-S120* 	 Relating to solar energy'resources.
 
flew Klexico-H276* 	 Relating to the corservation, regulation and pre­
vention of xaste of gaotne .iil resources, gwes the 
oil conservation ce-oission autnority to regulate, 
conserve and prevent "aste of geothermal resources. 
Oregon-H2040 	 Requires Nuclear and Thernl Erergy Council to act 
on an application for geotnermnal-fueled thermal 
power plant within 6 intas of filing. 
Oregon-H2036 	 Ads solar energy consideration tocomprehensive 
planning. 
Oregon-glOS5 	 Authorizes fo,.ation of ge;cctzi heating districts; 
autho,-izes districts to provioc geothermal heat to 
inriuirts of nistricts. 
Oregon-HJR66 	 Directs that sCnools teacr and practice skills of re­
cycling and resource-enery conservation.
 
Virginia-X1809* 	 Virginia Solar Energy Center is created. 
anagemnent/Organizatlon
 
Georgla-SRl97* 	 Creates the Energy Production Study Committee, 
lndiana-SCR4l* 	 Creates a conittee to study the transportation and
 
energy crisis and tne effects of federal fuel con­
trols on transportation in Indiana.
 
lowa-S314-	 Relating to tne regulation of surface coal mining,

irposing additional fees and providing for viola­
tion of the act. 
Kansas-SI3 t	 Creates a Kansas Energy Office. 
N-20 
Maine-LDISS8* 

Maine-S440(LD1456)* 

flevada-AEZ3* 

Oregon-s4B3 

Ternessee-H272(Vetoed) 

Utah-H323* 

Vermont-94O7* 

West Virginla-Xl293* 
Emergency Powers/Response
 
Connecticut-H8303* 

Connecticut-18555 

Delaware-S86*" 
Idaho-SlI38* 
Maryland-S204* 
Tennessee-S 199 * 
yennont-Sl40 
wyoming-S41* 
Miscellaneous
 
Arizona-H2231* 

Connectlcut-HS751 

Hinneota-S38* 

Minnesota-S38* 

Oklahoma-Sl45(Law) 
Oregon-H3219* 
Rhode Island-H6050* 
Creates the Maine Energy flveloment Fund. 
Re-assigns the functions of the Department of Commerce 
and Industry and the Office of Energy Resources.
 
Creates State Energy Resources Advisory Board.
 
Creates a Department of Energy.
 
Establishes the Tennessee Energy office and provides 
for its powers and duties.
 
Adds mining to division of oil and gas conservation 
and provides for rehabilitation of mined lands
 
under the board.
 
Establishes a department of energy planning. 
Continuing the coilssion on energy, economics 
and environment.. 
Concerning the grant of exemptions during an energy
 
emergency. 
Concerning an emergency energy assistant program.
 
Extends the Governor's epergency powers to June 30, 1975 
Relating to the curtailment of electrical or gas 
service during eerSencies. 
Extends to a certain date certain powers of the 
Governor in eergency energy crisis situations. 
Amends code which gives eriergency powers to the govern­
went in the event of an energy emergency.
 
Extends the emergency poners of the executive to 
deal with energy problems. 
Repeals the 1974 Energy Emergency Powers Act, and fixes 
an expiration date of July 1, 1977. 
Authorizes schools to transfer and reallocate monies from any operating funds to pay costs of heating and 
transportation fuels.
 
Concerning suspension of delivery by fuel oil and
 
bottled gas retailers.
 
Relating to education; requiring each school dis­
trict to make reports concerning the consumption of
 
energy. 
Relating to education, requiring each school district 
to rmakp reports comicerning ore consm.,ption of energy. 
Provides for creation, administration, merger and dis­
solution of rural natural gas distribution districts In 
same manner as provided. 
Authorizes Department of Transportation to fix energy
conservation speed limitation.
 
Relating to retroactive price adjustments for public
worK contracts involving the use of certain petrolesm
products. 
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